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INTRODUCTION. 

THE practical portion of the work reported in this paper 
was carried out while the author held the Governor s 
Fellowship in Pathology, McGill University, Montreal. For 
the material he is indebted to Dr. J. G. Adami, Pathologist 
to the Royal Victoria Hospital, and to the late Dr. Wyatt 
Johnston, Pathologist to the Montreal General Hospital, who 
permitted the most liberal use of the autopsies performed at 
these hospitals. 

Owing to the rebuilding of the Pathological Laboratory 
of McGill University and to the consequent lack of space for 
laboratory work at that time, the authorities of the Royal 
Victoria Hospital extended to him the facilities of their 
Pathological Laboratory, and it was there that the actual 
investigation — the preparation, isolation and study of the 
cultures — was conducted. 

The analysis of the notes, the review of the literature, 
and the writing of the paper were completed during the 
tenure of a P'ellowship in the Rockefeller Institute for Medical 
Research, and in this way both the Rockefeller Institute and 
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Introduction : Historical Resume. 5 

McGill University have contributed means for the investiga- 
tion. 

A preliminary report of the main results has already 
appeared in the Journal of Medical Research. 

The entire work was performed under the immediate 
supervision of Professor Adami, for whose unfailing help and 
constant advice the author would hereby express his most 
heartfelt gratitude. He is also deeply indebted to Professor 
\V. H. Welch, of the Johns Hopkins University, and to Dr. 
C. W. Stiles, Pathologist of the Bureau of Animal Industry, 
who have given most valuable suggestions in regard to the 
proper nomenclature of the various species. He also would 
express his indebtedness to the g'overnors of the Royal 
Victoria Hospital for affording him the opportunity to carry 
on this work, and to publish it in its present form. 

iriSTORIC-^L KESUMfi. 

The earliest observations on the bacteriology of the 
intestinal tract were made by Bienstock {1884) who isolated 
four different microorganisms from human faeces and con- 
sidered them the most important, if not the only bacteria, to 
be found in the alimentary canal. Subsequent experience 
has not confirmed Bienstock's conclusions, either in regard to 
the paucity of the micro-organisms found in the dejecta, or in 
regard to the identity of the bacteria which he has described. 

To Escherich (1886) belongs the credit of having first 
established 5flf7'//«i fo/z* as the principal inhabitant of the 
lower, and Bacterium aerogines, of the upper bowel in man, 
although he found various staphylococci and streptococci in 
the same locations. 

Since Escherich's fundamental work numerous inves- 
tigators have busied themselves with the study of the intes- 
tinal flora, in the attempt to classify the different varieties 



* Throughout this paper I have followed Migula's classification and 
clature, except where manifest errors are noticeable in the names 
employed by him, when slight changes have been introduced. Thus the 
correct name for the organism described by Pecruschky as Bacillus 
faecalis alcaligenes, is, Bacillus alcaligenes, Migula 1900, and not 
Bacillus alcaligenes (Petruschky) Migula. 

The name Bacillus faecalis alcaligenes \s a trinomial and does not 
hold in botanical nomenclature, and a previous author's name is only 
used when the specific name is retained — the species being transferred 
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of bacteria which may under diverse conditions be found in 
the contents of the alimentary tract. Gessner (1889) made 
an especial examination of the duodenum from which he 
isolated seven different organisms including Bacillus coli. 
Bacterium csrogenes. Micrococcus pyogenes. Streptococcus 
Pyogenes, and two species of sporebearincr bacilli. 

Gillespie (i893)cultivated twenty-four different organisms 
from the contents of the stomach ranging in their characterfrom 
Bacillus coli and Bacterium aerogenes to Sacc karomyces . 
cerevisiae and Pink Torula, and embracing Bacillus vulgaris, • 
Pseudotnonas aeruginosa (Bacillus pyocyaneus), Micrococcus \ 
candicans and a large number of sporebearing bacteria. 

In the same year Gilbert and Lion (1S93) made a] 
bacteriological study of fifteen normal stools, finding not only J 
several forms related to Bacillus coli but occasional repre- 
sentatives of the alkali-productng bacilli, the so-called " Inter- | 
mediate" or Hog-cholera group. 

During the following year Dallemagne (1894) reported 
his observations on the stomach, small and large intestine of 
twenty cadavers ; his elaborate tables give incomplete descrip- 
tions of a large number of intestinal bacteria, including manya 
of the forms which had already been reported. 

From the surgical standpoint Macfadyen. Nencki and 
Sieber, (1891), on the one hand, and Ciechomski and Jakowski 
(1894) on the other, have utilized cases of abdominal fistulse 
where a favorable opportunity was presented of examining 
the discharges from the small intestine. The former isolated 
six varieties of bacilli and a streptococcus from the ileo-cseca! 
region, while the latter found besides Pseudomonas aeru^,' 
nosa and Bacillus liquefaciens ilei of Macfadyen, a number 1 
of streptococci and diplococci in the upper portions of the| 
ileum. 



to another genus. In such 1 
in parenthesis with the year 
followed by the name of thi 
and the date when i 

Bacillus vulgari 

That is to say, 
vulgaris, Migula in 
Bacilli. 

I have also found Chester's Mi 
of the greatest value and assistance 
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Hauser in 1886 denominated this form Prnleus \ 

900. transferred the Proteus forms to the grc 

lual of Determinative Bacteriology 1 
n the identification of species. 



Historical Resume. 

Parallel with these observations on man, Dyer and Keith 
(1893) cultivated Bacillus equi from the intestinal contents 
of horses, an organism similar in its cultural features to 
Bacillus coli of Escherich, and Lembke (1896) in an ex- 
haustive experimental study of the stools of dogs, investigated 
the changes produced in their bacterial contents by variations 
in diet ; in the progress of his work he examined eighty-one 
cases and separated the main types of bacteria present in 
canine dejecta. A year later Kern (1897) published an 
elaborate monograph dealing with the bacteria of the stomach 
and duodenum of birds, the first definite contribution to our 
knowledge of the avian intestine. 

On this continent important facts have been brought out 
by the researches of Booker (1889) on the alvine discharges 
of patients suffering with cholera infantum, and by Sternberg 
(1892) who has isolated and described the most constant of 
the many varieties of bacilli which he found in the Intestinal 
contents of yellow fever cadavers. The most recent and 
comprehensive study of the subject comes from Gushing and 
Livingood (1900), who not only demonstrated the possibility 
of producing, in animals and man, an amicrobic condition of the 
stomach and duodenum, for surgical purposes, but also made 
use of exceptional opportunities of examining during life the 
intestinal contents of patients brought to operation for gun- 
shot lesions of the abdominal cavity. In addition to a number 
of varieties of Bacillus coli, Gushing and Livingood obtained 
almost constantly, members of the Hog-cholera group. 

Supplementing these various attempts to establish a 
definite flora for the different regions of the alimentary canal, 
there have been numerous observations on special bacteria, 
or groups of bacteria, which may be encountered with,, some 
degree of frequency in the Intestinal contents. Thus Gartner 
(1889) has reported that Bacillus enteritidis may be found, 
very rarely it is true, in normal stools, while Petruschky (1896) 
has repeatedly isolated from typhoid and from normal dejecta 
Bacillus alcaligenes. ThcBaclerium Welcki, Migula (1900), 
— or, as it is more commonly known, Bacillus aerogenes 
capsulatus, responsible for many morbid conditions in man, 
has been shown by Welch (rgoo) to be almost invariably 
present In the alimentary canal. 

Goincident with this amplification of our knowledge 
of the number and diversity of the bacteria which may- 
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be isolated from the intestines, the cultural reactions by 
which the different species may be separated have 
been greatly increased within the past two decades. 
Of special interest and value are the observations with 
the "fermentation tube" introduced and applied by Theobald 
Smith (1895) to the study oi BaiiHus colt and Bacillus 
cloaece, and the Durham modification of this appliance, 
utilized by Durham (1900) for the classification of the mem- 
bers of the Hog-cholera, or, as Durham calls it, the " Inter- 
mediate" or Gilrtner Group. With the help of carbohydrate 
solutions Smith has given us a positive means of identifying 
the two main groups of Bacilhts coli, one fermenting three 
sugars — dextrose, saccharose and lactose — the other ferment- 
ing but two — dextrose and lactose; while Durham has further 
pointed out the fact that the organism which leaves sac- 
charose unaffected is the bacillus originally described by 
Escherich. 

From this short historical summary, it may be 
seen that considerable contradictions are noticeable in the 
results of the different systematic investigations of the intes- 
tines, and that a necessity has arisen for a more thorough 
study of this subject by the use of larger numbers of bacterio- 
logical reactions, and the employment of a broader technique. 
But the number of new methods which have been introduced 
is so great, however, while every new reaction, in the hands of its 
discoverer, seems to be so important and far-reaching in its 
application, as to render a systematic study of the many 
species of micro-organisms which may be derived from the 
alimentary tract, well-nigh hopeless. 

As a necessary preliminary to further routine species 
work, some reliable investigation of the exact value to be 
ascribed to the various bacteriological reactions was impera- 
tive. This necessity was met by Fuller and Johnson (1900) 
when they published their classical paper on Water Bacteria, 
embodying the results of a long study of forty-two different 
species, by means of nearly all the cultural reactions now in 
use, and giving most comprehensive data of the constancy 
with which these reactions occur. 

Stimulated by the publication of Fuller and Johnson's 
results, the writer has endeavoured to apply the principles 
which they have laid down to the study of the bacteria of the 
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intestine and. working along similar lines, to classify the 
principal species which may be encountered in the different 
regions of the bowel. A synopsis of his results, so far as 
they concerned the non-pigmented. non-sporebearing 'alkali- 
producers'and 'acid-producers' respectively, wascontributed by 
him to the first meeting of the Association of American 
Pathologists and Bacteriologists in igoi. 

THE MATERIAL UTILISED. 

Material for this work was obtained from autopsies at 
the Royal Victoria and at the Montreal General Hospitals, 
including ten foundlings from the Montreal Foundling and 
Baby Hospital. The autopsies were selected regardless of 
the morbid conditions present, those cases being employed in 
which the post-mortem examinations were conducted within 
a few hours after death. The results thus only approximately 
represent living conditions, inasmuch as a considerable post- 
mortem development of the bacteria present in the stomach 
and intestines must be admitted. From the gitaliiaiive 
standpoint, however, such observations may be considered 
reliable, as the changes occurring during the few hours imme- 
diately after death, involve a development of the different 
microorganisms present during life rather than an invasion by 
new forms. 

Immediately after the abdominal cavity was opened, 
different portions of the bowel were carefully lifted to the 
surface, a short incision made in the intestinal wall, a sterile 
cotton swab introduced and a small portion of the slimy 
material lining the mucous membrane removed for bacterio- 
logical examination. In this way material was collected from 
the stomach, upper portion of the duodenum, lower portion of 
the ileum close to the ileo-caecal valve, and the sigmoid 
flexure of the rectum. 

In twenty-five cases cultures were immediately made on 
agar, the mixed growths resulting being plated the following 
day. In another twenty-five cases the intestinal material was 
transferred directly to neutral broth, which was thoroughly 
shaken for fifteen to twenty minutes to disintegrate the mass 
of mucus and to separate the bacteria. The broth emulsions 
were then utilized for the preparation of agar plates. In all 
cases the colonies were examined with a low-power lens and 
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the different colonies, even those presenting only minor vari- 
ations in appearance, were transferred to agar. The cultures 
resulting were examined after twenty-four hours' growth and 
if suspicion of their purity arose, they were again plated and 
fresh colonies were picked out. 

In rare instances the cultures were plated repeatedly 
before their purity could be assured, such is the tenacity with 
which microorganisms cling to each other when freshly re- 
moved from the intestinal contents. 

The pure cultures isolated from the bowel by this method 
were now subjected to xhe preliminary cultivation, shown by 
Fuller and Johnson to be necessary before bacteria assume 
their normal characteristics and exhibit surely the cultural 
reactions for their species. Their activity was heightened by 
cultivation on agar and in broth for three days each in the 
incubator, and in gelatine plates for three days at the tem- 
perature of the room. After this procedure they were trans- 
ferred to agar again, from which, after the conventional three 
days, the various cultural media were seeded. 



THE MEDIA EMPLOYED. 

The media employed were of the composition proposed 
by the 1897 Report of the Bacteriological Committee of the 
American Public Health Association, and consisted of Agar- 
Agar, Neutral Broth, Gelatine, Potato, Blood Serum, Litmus 
Milk. Potassium Nitrate Broth and Sugar Broths, made up 
from one per cent, solutions of Dextrose, Saccharose and 
Lactose. 

The meat infusion from which the broth was made was first inocu- 
lated with fresh fluid cultures of Bacillus coli to destroy by fer- 
mentation the muscle sugar and the occasional traces of glucose. The 
stock was then filtered and sterilized in the usual way. From the stock 
the ordinary broth tubes were filled and the carbohydrate solutions 
prepared by the addition of the requisite amounts of the three sugars 
employed. 

The Dextrose was sterilized for ten minutes in the auto- 
clave at a temperature of 115° and a pressure of one atmos- 
phere, the Saccharose and Lactose for fifteen minutes in 
streaming steam for three consecutive days. The integrity 
of the Dextrose is maintained at the temperature and pres- 
sure mentioned, while the use of steam will not ordinarily 
cause the reduction of Saccharose and Lactose to mono™ 
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saccharids. In all cases the carbohydrate solutions were 
tested with known microorganisms before being employed to 
demonstrate the usability of the sugars. 

Considerable browning of the medium results whatever method of 
sterilization be used, and this browning;, while not always an index of 
the destruction of the carbohydrates, is often suggestive of it. It is 
possibly due to some combination between the meat extracts and the 
sugars, for watery solutions of the sugars alone do not change colour 
from sterilization. 

I have, moreover, repeatedly seen very dark solutions of Saccha- 
rose and Lactose respond readily and quickly to the fermentative action 
of bacteria which affect these sugars alone. 

For the sake of accuracy, however, all lots of sugar broth which 
showed any marked change in colour or which failed to give a gaseous 
fermentation within forty-eight hours, were discarded. 



ON THE ESTIMATION AND VALUE OF REACTIONS. 

After the routine inoculation of the different culture 
media the tubes were examined at the end of the first, 

second, fourth and tenth days, during which time the majority 
of cultural reactions appear and after which conclusions are 
notoriously uncertain. An exception must be made in the 
case of the liquefaction of the proteids which may appear 
after a much later interval. On this account the tubes con- 
taining gelatine, milk and blood serum were preserved for 
three weeks and a positive diagnosis established then. 

The actual occurrence of the different phenomena was 
deemed of far greater importance than the time in which 
they appeared or the manner in which they developed, only 
those reactions which had been shown by Fuller and John- 
ston to be constant in their appearance and unvarying in 
their nature being deemed worthy of careful scrutiny. 

Inasmuch as the conclusions reached in these pages 
depend upon the use of only a small number of cultural media 
and the identity of the different species was established from 
a limited series of reactions, it is fitting to briefly consider the 
manner in which these reactions were utilized and the value 
which was ascribed to each. 

Morphology. — Despite minor variations in theappearance 
of stained preparations, non-sporebearing, no n-pjgment-p re- 
ducing bacilli closely resemble each other when seen under 
the microscope. Thus, while the morphology of Bacillus coli 
is usually distinct from that of Bacillus vulgaris, yet 
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cultures are constantly seen in which the elements are not 
characteristic, or in which the morphology speaks for one 
species and the cultural reactions decide for another. More- 
over great latitude exists in the appearances furnished by the 
same microorganisms under different conditions of growth. 
The confusion which arises in estimating this character is 
considerably diminished when the bacteria are examined 
unstained just at the edge of a hanging drop where a slight 
drying of the fiuid suspension occurs and the organisms are 
deposited in a single layer on the coverslip. In this location 
the long, thin bacilli of the Proteus group can easily be dif- 
ferentiated from the shorter, thicker elements of Bacillus 
coli. 

Certain species possess characteristic morphological 
appearances however, and to them considerable value attaches. 
Thus the individuals of Bacterium aerogenes are always 
thick and stumpy, the capsule surrounding each element con- 
tributing to this formation, while Bacterium liqtiefaciens 
of Eisenberg closely resembles Bacterium aerogenes in 
morphology although the bacteria are always considerably 
longer. The large sporebearing bacteria can be identified in 
part by their morphology, while very minute bacilli can always 
be differentiated from the more numerous intestinal forms by 
this feature alone. For these latter, unstained preparations 
are positively essential, as the contraction and shrinkage inci- 
dent to the heating and staining, cause them to look almost 
exactly like micrococci. 

i'l'se.— The size of the different organisms was estimated in micro- 
millimeters by a Bausch & Lomb eye piece attached to an oil immersion 
lens, and twenty-four hour agar cultures were always employed. 

The length is subject to the greatest variations, while the diameter 
is fairly constant in diiferent cultures of the same species ; to the diameter 
must therefore be attributed the greater differential value. 

Motility. — Young cultures on agar or in broth, twelve to 
eighteen hours old, examined in neutral solutions, offered sup- 
posedly the best means for a diagnosis of motility. It was 
soon learned, however, that these should be supplemented by 
an examination of old cultures, where active motility may be 
observed, when young growths show only sluggish or merely 
vibratory movements. Possibly during the greater Interval 
of time, longer and more vigorous flagella develop, or possibly 
the changes in the reaction of the medium occasioned by the 
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development of the bacilli, permit the manifestation of a 
greater activity. As a routine measure, ail cultures marked 
"non-motile" after eighteen hours' growth were subsequently- 
examined in oider preparations, 

Agar-Agar. — Relatively little information can be gained from the 
appearances of cultures on slant agar, as the different species of intes- 
tinal bacteria develop on this medium in much the same way. Certain 
organisms like the " proteus " spread widely over the surface and slope 
to the bottom of the tube, while rare species of very minute bacilli grow 
almost imperceptibly. The formation of deep colonies is likewise of 
little importance. The surface colonies, however, are apt to be char- 
acteristic for each species, and are sometimes so peculiar as to enable 
the separation of closely allied forms. The colonies of sporebearing 
bacteria are especially of diagnostic value. 

flro/A. ^Variations in the cloudiness, the heaviness of the precipitate 
and the extent of the surface growth occur in different specimens of 
broth inoculated with the same organism, thus lowering the differential 
value of this medium. The actual production of a dense surface 
pellicle as distinguished from a scum easily dislodged and settling to the 
bottom of the tube, and the production of a turbidity in comparison 
with the clearness left by organisms enjoying only a superficial develop- 
ment, may both be employed, however, for species descriptions. 

Potato. — Numerous ineffectual attempts were made to obtain potato 
of such a constant composition that reliable observations could be made 
with it. Its variability is so great that conclusions from its use are apt 
to be of littie importance. The characteristic dirty yellowish-brown 
growth produced by Bacillus colt and the dark reddish growth of 
the Petruschky Bacillus, when actually seen are very convincing, yet 
with the same culture other potatoes show little or no definite formations- 
It is of greatest value in the identification of Bacillus vitlgatus and 
other sporebearing bacteria. 

Nutrient Gelatine. — This medium is of the greatest 
importance in the identification of microorganisms and the 
classification of species. Liquefaction itself is one of the most 
constant of bacteriological reactions, whether it occurs on the 
third or fourth day, as with the Proteus Group, or on the 
eighth or tenth as with Bacillus cloaas. The formation 
of colonies is more regular and constant than on agar, as 
Fuller and Johnston have pointed out, and from their study 
reliable conclusions can always be drawn and sometimes 
positive diagnoses established. 

Blood .SeMtOT.— Ordinary bacteria grow on blood serum in much the 
same manner as on agar, and the consideration of this medium as of 
positive value in species differentiation is dependent upon the capacity of 
certain microorganisms to cause its complete liquefaction. This lique- 
faction occurs later than that of gelatine with which it is invariably 
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associated, and with all liquefying' species the tubes must be observ(i| 
for a considerable time before negfative conclusions can be drawn 

Fermentation Tube : Dextrose BrotA.-^The use of thfl 
appliance and the phenomena observable in it have not onn 
increased our knowledge of fermenting microorganisms, b«^ 
have given us certain group reactions which may be appliei' 
to all species. Three groups of bacteria may be distinguished! 
In the first group are the organisms which are quite incapablff 
of attacking the carbohydrates, their growth being limited to 
the bulb of the fermentation tube where it extends as far as 
the neck only, the broth in the closed arm remaining perfectly 
clear. The reaction in the bulb is usually alkalitie. The 
second group includes the bacteria which ferment the carbo- 
hydrates, with the production of acidity but no gas, the growth 
extending not only in the bulb but throughout the entire arm. 
The reaction in the arm is always acid, and in the bulb either 
acid or alkaline. In the last division may be placed those 
species which show a gaseous fermentation of the sugars, 
coincident with an acid productio7t, the gas collecting in the 
closed arm and the broth everywhere becoming turbid. 

Saccharose and Lactose Broth. — While the reactions with 
the other carbohydrates are generally supplementary to those 
obtained with Dextrose, the capacity of fermenting one sugar 
being accompanied by a similar capacity for others, the use of 
Dextrose, Saccharose and Lactose together gives us far more 
information of diagnostic value than the employment of Dex- 
trose alone. Provided the sterilization of the double sugars 
be conducted with the necessary precautions there is every 
reason to believe that different micro-organisms will possess 
peculiar affinities for each sugar. A species which exhibits 
at one time an ability to ferment Saccharose, for instance, will 
always possess that property when brought to its highest point 
of activity by preliminary cultivation. We are thus able to 
divide the " coli " group into two sub-divisions, by observing 
the action of the different cultures on Saccharose, as Theobald 
Smith has already pointed out. This diversity of action on 
Saccharose expresses a general rule in intestinal bacteria, for 
members of the Hog-cholera, Proteus and Cloacae groups 
may be judged by the same criterion. 

The action of bacteria on Lactose is more uniformly 
associated with a splitting of Dextrose than is the fermenta- 
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tion of Saccharose, and only in rare instances are the more 
complicated sugars broken up when the simpler remains 
intact. That such an action can occur, however, is demon- 
strated by Bacterium kavaniense of Sternberg, which 
ferments Saccharose with the production of acidity and gas, 
although producing no acid whatever when grown in Dex- 
trose and Lactose solutions; and by Bacillus aracknoideiis, 
a sporebearing bacillus whose cultural features are similar to 
those of Bacillus subtilis, but which ferments Saccharose 
alone with the production of acidity and the evolution of a 
few bubbles of gas. In like manner Bacterium galacto- 
■bhiluyn, an anomalous member of the Hog-cholera group, 
ferments Saccharose and Lactose to the exclusion of Dextrose 
which is not even fermented to the point of acidity.* 

Litmus Milk. — This medium furnishes not only valuable 
and accurate data for the identification of particular species of 
micro-organisms, but a broad criterion by whicli all the 
non-sporebearing bacilli may be divided into two great 
groups, the acid- and the alkali-producers. 

In the division of acid-producers, of which Bacillus 
coli is the type, the acidification of the milk follows immediate- 
ly upon the inoculation of the tubes, and after a shorter or 
longer interval the casein is coagulated. This coagulation 
may occur within the first forty-eight hours, or it may be 
delayed for some days. In organisms of this type the casein 
remains as a dense, firm mass. 

Other acidifying bacteria, of which Bacillus cloaca 
is the type, enjoy a further action on the casein which is 
slowly but completely dissolved and the litmus reduced. 

In the division of alkali-producers, three main sub- 
divisions may be outlined. To the first subdivision belong 
the organisms of which the Fetruschky Bacillus is the main 
representative, which, failing to act on either the lactose or 
the traces of glucose in the milk, produce within the first 
twenty-four hours a pronounced alkalinity which steadily 



* No attempt has been made to estimate the percentage composition of tlie 
gases evolved from the various carbohydrates, although their ratio to each other 
may be definite and unchanging. A very sure diagnosis of the species to which 
different bacteria belong, may be obtained without recourse to this procedure, 
which, as Durham has pointed out. must be carried out under careful regulation of 
the temperature and the pressure at which the gases are evolved i moreover, it is 
highly probable that different organisms can split up dextrose with the productioi 
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increases from day to day. In the second subdivision are 
included bacilli which, like the Shiga Bacillus, split up the 

dextrose in the milk to the point of an initial acidity, but whose 
alkali-production is sufficient to subsequently neutralize the 
acidity and cause an alkaline reaction. In both these divisions 
the alkali-production may be so great as to sa[)onify the pro- 
teids in the milk and simulate a peptonization of the casein, 
or rather the caseinogen Neutralization with weak acid 
shows the casein completely intact. In the third subdivision 
are found organisms, which, like Proteus vulgaris, pro- 
duce an Initial acidity and a subsequent alkalinity, but which 
further peptonise the caseinogen and completely reduce the 
litmus ; with such cultures neutralization of the alkali reveals 
only a thin, ropy fluid. 

Production of Nitrites. — -Tested in the nitrate broth culture by 
means of naphthylamine and sulphanilic acid. Few species of intestinal 
bacteria fail to give this reaction, no matter how carefully it be carried 
out and its value in species differentiation is correspondingfly diminished. 

Indol. — This substance, while usually produced by cultures of 
Bacillus coli, and other intestinal bacteria, is completely lacking at 
times with positive indol-producing organisms, and its differential value 
cannot be considered very great. It was found repeatedly with cultures 
of Bacterium aerogenes, ordinarily supposed not to produce it, even 
when such cultures were isolated from the stomach and duodenum. 
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Facal Odor. — -This is more- noticeable in culti 
1 the intestinal contents than with any particular 

ittely with bacteria of the stomach or of the rectui 
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THE MICROORGANISMS ISOLATED, 

Nearly seven hundred cultures were obtained from the 
fifty autopsies studied, each organism being brought to its 
highest activity by preliminary cultivation, after which its 
cultural reactions were estimated by the methods already 
indicated. Eliminating minor cultural peculiarities and a few 
anomalous reactions due clearly to deficiencies in the culture 
media, these seven hundred organisms were found to belong 
to practically 50 (fifty) distinct species of bacteria. While it 
is possible that a number of other species may e.xisc at times 
in the intestinal contents, the results here described being 
obtained from but one series of cases, it seems probable both 
from the actual number of microorganisms studied and from 
the constancy with which the different species were en- 
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countered, that the most common forms of intestinal bacteria 
were cultivated. 

Of the seven hundred organisms found, two hundred 
were typical Bacillus coli, if one includes here the forms dis- 
tinguished by the action of the species on saccharose. 
Durham pointed out that the organism originally described 
by Escherich does not ferment this carbohydrate, and has 
suggested the name Bacillus coli communior for the species 
breaking up saccharose as well as dextrose and lactose. The 
name Bacillus communior, more strictly in accord with 
botanical nomenclature, may be substituted for this latter 
species, leaving the name Bacillus coli (Migula 1900) for the 
true organism of Escherich. 

In this way nearly two hundred other cultures were 
typical Bacterium a^rogenes, the more numerous organisms 
fermenting dextrose, saccharose and lactose alike and 
representing the main type of this species. For this form 
the name Bacterium- aerogenes {W\^\i\& 1900) may be reserved, 
and for another organism of the same group breaking up 
only dextrose and lactose, 1 would suggest the name 
Bacterium duodenale, this indicating its favorite location in 
the intestinal tract. 

The above four species, namely, Bacillus coli. Bacillus 
communior, Baclernini acroj^cne^ and Bacterium duodenale. 
are the most freqnently encountered and the most widely distrihuted 
of all the intestinal bacteria, and at one time or another may occnpy 
every region of the bowel. 

Two other well known forms. Bacillus vulgaris and 
Bacillus cloacce, have already been reported present in the 
intestinal contents, and in point of frequency they stand next 
to the above-mentioned species. The Bacillus vulgaris of 
Hauser ferments dextrose and saccharose but not lactose, and 
the typical form is but rarely seen in the intestinal contents. 
The more common representative of this group differs from 
the " Proteus vulgaris" only by its fermentation of lactose 
— its colony formation, its alkali production and its peptonizing 
action on the proteids being identical with these properties of 
Bthe organism of Hauser. For the latter species the name 
Bacillus plebeius may be employed, while for a third species 
Bermenting dextrose and lactose but not saccharose and 
jdentical with Bacillus vulgaris in other respects, the name 
pacillus mfrequens is suggested. 
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The more commonly isolated cultures oi Baei/lus cloaca 
ferment dextrose, saccharose and lactose alike, ahhough 
another species, not splitting up saccharose, was also found. 
For the latter the name Bacillus sttbcloacce may be utilized. 

Closely related to the "Cloaca: group, " and indeed to be 
classed with it, is an organism with the same properties of 
liquefaction and milk coagulation, but which is distinguished 
by its morphology, its colony formation and by its failure to 
ferment lactose, while fermenting dextrose and saccharose. 
This organism originally cultivated from the small intestine 
may appropriately be known as Bacillus Hiacus. 

Two other organisms, Bacillus alcaligcnes of Peiruschky 
and Bacterium liquefaciens of Eisenberg, were cultivated in a 
considerable proportion of cases, their cultural reactions 
agreeing with those given for these species by their dis- 
coverers. In two instances organisms were isolated which 
correspond in cultural features to Bacillus enterilidis of 
Gartner, and broadly represent the group of " Paracolons " of 
Widal and Gwynn, Bacillus O. of Cushing. Bacillus icteroidcs 
of Sanarelli and the various " Paratyphoids " of Schottm tiller. 

While minor differences in morphology and in cultural 
appearances enable the separation of these organisms from 
each other, a separation made more pronounced by their 
serum-reactions, nevertheless the properties of the different 
organisms are so much alike as to show that all may be 
included in one group. This group has long been recognized 
in America by Welch, Salmon and Smith, as the //(7^-f^i9/i?ra 
group, or Suipestifer group, from its pathogenic representa- 
tive, the Bacillus of Hog-cholera. The same group has 
recently been called the " Bnterttidis," or Gartner group, by 
Durham in England, from Bacillus enteritidis of Gartner, 
that memberof it which is chiefly pathogenic forman. Organisms 
belonging to this group are normal inhabitants of the human 
intestinal tract, and from the lack of further and more accurate 
means of distinguishing the various members of the group, 
the facts of priority may be considered of decisive value ; the 
group may therefore best be known as the Hog-cholera 
group, and its intestinal representative in man, as Bacillns 
enteritidis of GSrtner. 

In addition to these organisms which have for long been 
known to occupy the intestinal canal, several species of 



B. Dysenteria and B. Pseudodysenterictts. 
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bacteria were found, which either resemble certain well-recog- 
nized species in their cultural reactions, but are clearly 
differentiated by important features, or which belong to 
certain groups of intestinal bacteria, other members of which 
have already been reported. In many cases a lack of adequate 
description of the species, rendering positive identification 
practically impossible, has made new nomenclature and more 
extensive description necessary. I would here emphasize 
that new species have been created only when absolutely 
essential, old names being retained whenever the cultural 
characters of the organisms isolated could be correlated with 
those of previously described species. In all cases well- 
defined groups of intestinal bacteria could be made out, 
including both the new and the old forms. 

The most numerous organisms in the first category are 
bacilli, which, in their cultural reactions, are identical with 
Bacillus dysenlertes'^ shown by Shiga (1898), to be the 
cause of epidemic dysentery in Japan, since confirmed by the 
observations of Kruse ( 1 900) for Germany, by Flexner { 1 900^ 
for the Philippine Islands, and by Vedder and Duval (1902) 
for the United States. The organisms in the group here 
referred to are nevertheless clearly distinguished from Bacillus 
dysenteria by the failure to react with the blood serum of 
patients sick with dysentery. Kruse (1901) has already 
pointed out the existence of this group of bacilli in the intes- 
tines, in his study of the cases of " Pseudodysenterie " in 
whose dejecta he found organisms differentiated from the 
Shiga Bacillus only by their failure to agglutinate. To the 
organisms of this type Muller (1902) has given the name 
Bacillus pseudodysenterlms, a name which must therefore be 
employed for all those organisms having the morphological 
and cultural features of Bacillus dysenteries, but which fail to 
give characteristic serum-reactions. 



Note. — " For (his 






.TTie bestowed by Migula in 1900, that of 
icillus japanicus la clearly incorrect. To the ot^anism described by Ogata in 
1893, as the cause of epidemic dysentery, Kruse (1896) gave the name Bacillus 
liysenlerite liguefaciens, a trinomial whose use is not permissible: subsequently 
Migula (1900) gave to it the name Bacillus dysenterice (Kruse) Migula. But the 
name Bacillus dysenteric bad already been utilized two years previously by Shiga, 
who in 1898 definitely gave it to the species which he found in epidemic dysentery. 
It follows, therefore, that for the species described by Shiga the name Bacillus 
dysenteric, Shiga (1898) must be retained, the name Bacillus japanicas, Migula 
(1900) be discarded, and for the species described by Ogata, some new name must 
be substituted for the unavailable trinomial su^ested by Kruse. 
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Closely related to Bacillus enferilidis, and to be 
included in the Hog-cholera group, are three alkali-producing, 
non-liquefying microorganisms, which differ from the Bacil- 
lus of Gartner, solely in their different capacities of breaking 
up the carbohydrates. One of these ferments dextrose, 
saccharose and lactose alike, and is fairly frequent in the 
contents of the bowel. To it the name Bacillus alcalescens 
may be given, applying to the closely related species not 
fermenting saccharose, the name Bacillus subalcaleseens. A 
third species was found which also belongs to this group, but 
which differs markedly in morphology, motility and colony 
formation. From its alkali-production and non-coagulation 
of milk, and from its fermentation of saccharose and lactose, 
it must be classed with Bacillus enteritidis. For it the name 
Bacterium galactofrhilitm, proposed by Dr. Welch, may be 
employed. 

We may next consider a number of microorganisms 
which resemble the Proteus group in certain reactions but 

which can be accurately differentiated from this group by 
other properties. The formation of colonies on agar and 
gelatine is somewhat similar, the colonies, however, being 
distinguished by their failure to spread over the surface of the 
medium. The liquefying powers are exerted on gelatine 
alone, both casein and blood serum remaining unaffected. 
These bacilli are active fermenters, one species breaking up 
dextrose, saccharose and lactose, the other dextrose and 
lactose. For these alkali-producers the name Bacillus enteri- 
cus and Bacillus subeniericus may be utilized. 

In like manner two species of microorganisms were 
cultivated, usually from the stomach, which, from their acidi- 
fication and coagulation of milk, their fermentation of the 
carbohydrates and their liquefaction of gelatine, are allied to 
Bacillus cloaca, but which, however, do not peptonize casein 
nor liquefy blood serum. For these two species the name 
Bacillus gastricus and Bacillus subgastricus may be adopted, 
thus pointing out that region of the intestine in which they 
are more frequently present. They are readily separated 
from Bacterium liquefaciens of Eisenberg, to which their 
cultural features are closely similar. 

In addition to these species, which represent the most 
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common forms of intestinal bacteria, a number of organisms 
were cultivated which occur but rarely, but whose group 
reactions point to the intestinal contents as their habitat in 
ordinary. From their scarcity they can hardly be regarded 
as of any great importance in the economy of the bowel. 
Representatives of each group have already been described 
by Sternberg, Booker and others, and with the organisms 
which they have reported may be grouped the forms which 
have been encountered during this study. 

Among them is found Bacillus A. of Booker, for 
which the name Bacillus Bookeri is more fitting, an organism 
producing alkali, liquefying gelatine, casein and blood serum, 
but not fermenting any carbohydrate solution to the point of 
gas production or acidity. 

Three species similar to Bacillus Bookeri in alkali- 
production and non-fermentation, but differing in their capa- 
city to peptonize the proteids, were isolated at different times. 
Each of them possessed definite cultural peculiarities and to 
them the names. Bacillus pylori. Bacillus ceeci and Bacillus 
recti, were given, suggesting those portions of the intestine 
from which the organisms were cultivated. 

Bienstock's original investigations of the faeces disclosed 
the presence of certain acid-producing, non-liquefying, non- 
fermenting microorganisms, which form a distinct group in 
the intestines. The minute Bacterium Bienstockii, was 
obtained but once, but an analogous organism, Bacterium 
oxygcnes, differing much in morphology and slightly in cultural 
features, was found in several cases. Somewhat in the 
same way Bacterium minulissimum of Kruse and 
Bacterium acidoformans of Sternberg, were cultivated in rare 
cases, the more general representative of this group being an 
organism which differed considerably in cultural features from 
the species mentioned, but which must be classed with it 
because of its non-liquefaction, its acidification and coagulation 
of milk and its fermentation of the carbohydrates with the 
production of acid but no gas. To this species the name 
Bacillus oxyphilus was given. 

Finally an additional group of bacteria was made out, 
which may be separated from previous species by its acidifi- 
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cation and coagulation of milk, its liquefaction of various 
proteids and its fermeniation of the carbohydrates with the 
production of acid alone, thus differing from Bacillus 
cloacte. The members of this group already known are 
Bacillus leporis, originally found by Gibier, and later by 
Sternberg in autopsies on yellow fever patients, and 
Bacillus dubius of Kruse isolated from f^ces by Bleisch. 
Three other representatives of this group liquefying different 
proteids, but agreeing in other particulars were occasionally 
encountered, and to them the name Bacillus chylogenes. 
Bacterium chymogenes and Bacillus jejunalis were severally 
applied. 

Beyond these species of microorganisms the bacteria 
cultivated could in all cases be identified with well-known 
spore-bearing or pigment-producing species whose habitat is 
the air, the soil, or water. The only exception to this was 
the isolation in one instance of Bacterittm havaniettse, an 
organism producing a carmine-red pigment which Sternberg 
originally found in the intestines of yellow fever cadavers. 
Pseudomonas aeruginosa (commonly known as Bacillus pyo- 
cyajieus) was repeatedly grown, and Pseudomonas ovalis of 
Ravenel and Bacterium lutescens of Migula were each 
cultivated but once. 

Ten different species of sporebearing bacteria were 
found, but their cultural features pointed so positively to their 
identification as extra-corporeal microorganisms that they 
could not be considered peculiar to the intestinal contents, 
but rather transitory inhabitants of it. 

The Staphylococcus albus and Staphylococcus aureus were 
present in a number of individuals, but no evidence was 
present to show that they were not the ordinary species. 
The Streptococcus was rarely found and it is highly probable 
that its slow-growing colonies were either overlooked or 
crowded out by the hardier species. Their presence in the 
intestine has been attested by numerous observations.* 

*No attempt was made to cultivate anaerobically any of I he many 
organisms growing exclusively in the absence of oxygen, although their frequency and 
importance in the mtestinal tract are well known. It was, however, quite beyond the 
scope of this work to consider any species of bacteria requiring special methods of 
isolation and cultivation, and hence this very large and important division was lefl: 
for future iavestisation. 
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SPECIES DIFFERENTIATION AND CLASSIFICATION. 

From this brief consideration of the species of bacteria 
cultivated from the intestine, the great diversity of its flora is 
at once apparent. I n attempting to make a systematic 
classification of the various forms, however, it may be well to 
first examine the main principles which guide one in arranging 
groups of microorganisms by purely artificial arbitrary 
characters. The points involved are in no way better 
brought out than by a short study of Bacillus pseudodysen- 
tericus, the proper classification of which introduces one of the 
most interesting and important problems in bacteriology, whose 
solution will depend largely upon the value which is assigned 
by different observers to different cultural reactions. 

I have placed these organisms in the same group with 
Bacillus dysenteria: because their morphology and moderate 
motility are identical with that of several cultures of the 
Shiga Bacillus which I have examined (properties which 
indeed are common to many intestinal bacilli) and because of 
their cultural reactions. Thus a colourless, glistening, non- 
spreading, or slightly spreading growth is produced on agar; 
a white, or slightly yellowish growth on potato and blood 
serum. On gelatine the growth extends along the line of 
puncture, very slightly on the surface. There is no liquefac- 
tion of either gelatine or blood serum. In broth an 
abundant turbidity and sediment are produced without 
surface pellicle or scum, nitrates are reduced to nitrites, a 
trace of indol occasionally produced, but no faecal odor. 
Characteristic reactions occur with the fermentation lube 
and litmus milk. In the fermentation tube, filled with 
dextrose broth, an abundant turbidity and a heavy sediment 
are produced in the bulb, a profuse growth rapidly extending 
throughout the closed arm. The reaction in both bulb and 
branch becomes acid but no gas is produced. In litmus milk 
an initial acidity is produced, followed within a short time (48 
to 72 hours) by an alkali production which rapidly overcomes 
the acidity and renders the litmus deep blue. Coagulation of 
the milk at no time ensues. Neutralization of the alkali 
shows that the casein Is undissolved. All of these reactions are 
identical with the corresponding reactions of Bacillus dysen- 
teriis. 
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The colony formation of Bacillus pseudodysenlericus 
differs somewhat from thai of Bacillus dysentery, although 
considerable variations are seen in this respect with both 
species. The agar and g'elatine colonies of Bacillus pseudo- 
dysenlericus are usually round and regular with clean-i:ut 
circular margins, resembling those produced by Bacillus 
typhosus. Occasionally the colonies spread slightly with 
crumpled or faintly striated edges. It never produces 
" proteus-like " colonies. While the variation in the size of 
the colonies may be constderabJe, the circumscribed clean-cut 
colonies are typical of the species. Transfers from the 
spreading colonies will always later throw down colonies of 
characteristic formation. 

Similar variations in the appearance of the colonies of 
Bacillus dysenteries have also been noted. Thus Shiga ( 1 898) 
describes the colonies of his bacillus as small, round, finely 
granular and yellow. Flexner (1900) calls them "typhoid- 
like," Kruse {1901) speaks of them as ■' spreading, leaf-like, 
typhoid-like," and finally Vedder and Duval (1902) state that 
the colonies of the organisms which they have isolated more 
closely resemble those of Bacillus colt, from which they are 
distinguished with difficulty, than they do the organism of 
E berth. 

Lastly, Bacillus pseudodysenlericus is distinctly patho- 
genic. Dr. Cantlie, working with it at the Royal Victoria 
Hospital, found that 1.00 to 2.00 ccm. doses of a 24 hour fluid 
culture constantly killed mice, guineapigs and rabbits, the 
animals dying in 1-4 days from a general infection, the 
typical organisms being recovered from the peritoneal cavity 
and from the internal organs. The cultural reactions of those 
recovered organisms were identical with those of the bacillus 
injected. 

In contradistinction to these cultural and pathogenic 
characters. Bacillus pseudodysentericus fails to agglutinate 
with blood serum of patients suffering from dysentery, which 
blood serum gives a positive reaction with Bacillus dysenteries.* 
The two species are thus positively differential. From their 
cultural features, however, it is apparent that the organisms 
must be classed in the same group. 
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i group : 
ducers by a number of reactions, and occupies a definite place 
in classification. From Bacillus alcaligenes of Petruschky, 
on the one hand, it may be distinguished by its heavy sedi- 
ment in broth with absence of scum, by its abundant growth 
In the closed arm of the fermentation tube and its coincident 
acid production in dextrose broth ; by its initial acidity in 
litmus milk followed by a moderate alkali-production, and by 
its failure to produce a red growth on either potato or blood 
serum. The Petruschky bacillus produces a heavy scum in 
broth and also a sediment, an alkaline reaction in the fermen- 
tation tube, with a growth limited to the bulb, an immediate 
alkali production in litmus milk without initial acidity and a 
red growth on potato and blood serum. 

This organism is separated from the various members of 
the Hog-cholera group, on the other hand, by its acid produc- 
tion only in solutions of dextrose or other carbohydrates, gas 
being at no time evolved. The members of the Hog-cholera 
group invariably ferment some one of the carbohydrates to the 
point of gas and acidity. It Is, of course, easily differentiated 
from the Proteus group by its failure to liquefy gelatine 
casein and blood serum. 



The existence of several species of bacteria belonging to 
the same group of organisms, possessing similar cultural 
features yet separated from each other by their serum-reac- 
tions, or more specifically by the agglutinins which each 
organism produces in an artificially immunised animal, has 
already been emphasized by Gushing (1900) in his study of 
the Hog-cholera group of bacilli, and by McCrae (1900-01) 
in his investigations of the agglutinating properties of the 
same group. It has been shown by these men that culturally 
a number of different members of this group may be found in 
Bacillus enteritidis, Gartner, in Bacillus Variety Hatton of 
Durham, the " Paracolons" of Widal and Gwynn,* and 
Bacillus O. of Gushing. With these organisms must be 
included Bacillus icteroides of Sa.narelli, falsely assumed by 
him to be the cause of yellow fever. 



for these orgfani 




26 



Intestinal Bacteria. 



Although distinct differences in morphology and colony 
formation, and minor differences in cultural reactions, exist 
among these different organisms, yet from the characters of 
non-pigment production, non-liquefaction, fennentation of vari- 
ous carbohydrates to the point of acidity and gas production 
and of initial acidity followed by alkali-production in litmus 
milk, a cultural-complex diagnostic for the Hog-cholera 
group is indicated. As Gushing has pointed out. however. 
the isolation of organisms identical in their cultural reactions 
with known pathogenic bacteria in no way affects the question 
of the etiology of the diseases caused by these bacteria, as 
a number of pathogenic and non-pathogenic members of the 
same group of organisms may exist, having cultural reactions 
agreeing in their main details, but distinguished by their 
pathogenic action and serum-reactions. 

The question of the causation of epidemic dysentery by 
Bacillus dysenteric of Shiga is not therefore necessarily 
affected by the cultivation of organisms from the intestine 
identical in their cultural reactions but failing to give corres- 
ponding agglutinations, but the possibility is merely suggested 
that organisms normal to the intestinal tract giving charac- 
teristic cultural reactions,may assume extraordinary pathogenic 
properties and become the cause of diseases in which intestinal 
lesions play the most important, while not the only part. 

Briefly then, in the present state of our knowledge of 
bacteriological reactions, it is necessary to lay down certain 
arbitrary rules which furnish us a cultural-complex for each 
species of bacteria and which will aid us in the further separa- 
tion of these various species into certain artificial groups. 

Under the same species we include those organisms whose 
cultural and morphological characters are identical and which 
are capable of producing the same agglutinins. Wherever we 
find closely allied microorganisms, after long preliminary cul- 
tivation, differing from each other by any one constant feature, 
whether that feature be mo'-pholo^cal, cultural or biochemical^ 
we must consider these organisms as distinct species. We thus 
make as many distinct species in the "Cloacae Group" as we find 
different combinations of carbohydrates to be acted on by the 
different cultures. When the feature by means of which these 
cultures are to be distinguished is motility, then it is, of 
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course, only by the careful staining of the individual elements 
for flagella. or by a most painstaking examination for the 
movement of the bacilli, that one is justified in considering 
orjjanisms whose cultural features are identical as distinct 
species. 

In this connection with regard to the consideration of 
different microorganisms as different species, whenever they 
differ by positive reactions, may be quoted Migula (1900, 
System der Bakterien, Bd. i, p. 222), — ■■' Es ist deshalb zum 
mindesten iiberflUssig. zwischen Arten und Varietaten bei den 
Bakterien einen Unterschied zu machen. da man einmal 
berichtigt ist, zunSchst noch alles. was sich konstant 
verschieden verhah, bei den Bakterien als Art zu betrachten, 
dann aber auch jede Handhabe fehlt, umfestzustellen, was 
Art und was nur Varietat ist." 



THE ESTABLISHMENT OF BACTERIAL CROUPS. 

Following this separation of the various microorganisms 
into different species, we may next employ certain cardinal 
cultural reactions for the further separation of the various 
species into different groups. These cardinal reactions are 
most conveniently found in the acid or the alkali-productioD 
in litmus milk, in liquefaction of various proteids and in the 
fermentation of various carbohydrates. By including in the 
same groups those species of bacteria which possess the same 
broad "group reactions," we are able to make constant but 
purely artificial divisions of the various microorganisms and 
to present a convenient and a fairly complete scheme of 
classification.* 

The first group of ALKALI-PRODUCERS, on the one hand, is 
represented by Bacillus alcaligenes of Petruschky, an organism 
which is characterized, as has already been stated, by non- 
liq-uefaction of the proteids, by failure to ferment any sugars 
to the point of acidity and consequent limitation of the growth 

*In attempting' this purely artificial classification and in seeking for group 
relationships, no attention has been paid Co the division of members of the 
" bacteriaciw " into bacteria and bacilli— into noti-flagellated and non-motile, and 
flag-ellated and motile forms respectively. Let me point out that here I am not 
attempting a natural classification, so called, and that accurate observers are fre- 
quently at odds over the presence or absence of (lamella — ^as, for enajnple, in the 
case of the Shiga bacillus. Those who study this paper will, I hope, be convinced 
as to the convenience of including motile and non-motile forms in the same group. 
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of the organism to the bulb of the fermentation tube ; and by 
the immediate production of alkali in litmus milk. 

Next to this group stands the group which we have 
considered above, represented by Bacillus pseudodysentericus. 
the "Dysenteric Group," characterized by non-liquefaction of 
proteids, by the fermentation of carbohydrates to the point 
of acidity and by an initial acidity in litmus milk followed by 
intense alkali-production. 

This group will naturally be followed by a group embrac- 
ing those organisms endowed with the capacity of splitting up 
carbohydrates to the point of acidity and gas production, but 
agreeing with the previous organisms in non-liquefaction of 
proteids and in an initial acidity in milk followed by alkali- 
production. Such organisms are included in the Hog-cholera 
group, embracing BacilUis alealescens, fermenting dextrose, 
saccharose and lactose ; Bacillus stibalcalescens, fermenting 
dextrose and lactose ; Bacilhis enteritidis, fermenting dextrose. 
and Bacterium galactophihim, fermenting only saccharose 
and lactose. 

Following the same \\\\^ of argument we next have 
organisms which likewise ferment the carbohydrates, produce 
an initial acidity in litmus milk, followed by alkali-production, 
and which are further endowed with the capacity of liquefying 
the proteids. In one group liquefying gelatine alone, the 
"Entericus Group," two organisms may be distinguished, the 
Boiilliis entericus, fermenting dextrose, saccharose and lactose, 
and Bacillus subenterieus, breaking up dextrose and lactose. 
In another group, liquefying gelatine, casein and blood serum, 
the " Proteus Group," three members may be made out : — - 
ist. Bacillus plebeius, fermenting dextrose, saccharose and 
lactose; 2nd, Bacillus vulgaris, breaking up dextrose and 
saccharose, and 3rd, Bacillus infrequens, breaking up dextrose 
and lactose. 

Finally we may make out a last group of organisms 
characterized by non-ferntentation of carbohydrates, their 
growth being limited to the open bulb of the fermentation 
tube, by immediate alkali-production in litmus milk and by 
the liquefaction of various media. In this group, the " Booker 
Group," may be distinguished Bacillus recti, liquefying gela- 
tine, Bacillus pylori, liquefying gelatine and casein, and Bacil- 
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lus caeci and Bacillus Bookeri, both liquefying gelatine, 
casein and blood serum. 



In the sameway the various ACID- PKODUCINGBACTKRI A may 
be arranged in certain groups differing from each other by 
gradations in reactions similar to those seen with the alkali- 
producers. In the first group, the "Bienstock Group," may 
be placed organisms which occupy a position among the acid- 
producers analogous to that of Bacillus akaligenes among 
the alkali-producers, in that its two members. Bacterium, 
Bisnsiockii Knd Bacterium oxygenes, are both characterized by 
the acidification and coagulation of milk, the non-liquefaction 
of the proteids and the failure to produce acid in carbohydrate 
solutions in the fermentation tube. 

Next to this group comes a group with similar properties 
of acidification and coagulation of milk and non-liquefaction 
of proteids, but one in which the fermentation of the carbo- 
hydrates to the point of acidity occurs. This group is repre- 
sented by three members, Bacterium minutissimum. Bacterium 
acido/ormans and Bacillus oxyphilus. 

Following the same sequence of characters we next have 
non-liquefying organisms acidifying and coagulating milk, 
but fermenting the carbohydrates to acid and gas production. 
The four members of this group, Bacillus coli. Bacillus 
communior, Bcuterium aerogenes and Bacterium duodenale, 
have already been considered at some length. This group 
occupies among the acid-producers a position similar to that 
filled by the Hog-Cholera group among the alkali-producing 
bacteria. 

Two groups of organisms next occur which are similar 
to the bacteria just mentioned in their acidification and coagu- 
lation of milk, and in their fermentation of the sugars, but 
which are capable of liquefying the carbohydrates. In the 
first group, liquefying gelatine only. Bacillus gastricus and 
Bacillus subgastricus have been considered above, as well as 
the three members of the "Cloaca; Group" which liquefy 
gelatine, casein and blood serum, namely, Bacilhis cloacce. 
Bacillus subcloacce and Bacillus iliacus. 

Finallya second series of organisms follows which includes 
the various cultures acidifying and coagulating milk, breaking 
up carbohydrates to the point of acidity and liquefying various 
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media. This group includes Baeterium ckylogenes and Bac- 
terium ikymogenes, liquefying gelatine. Bacillus kporis, lique- 
fying gelatine and blood serum, and Bacillus dudius and 
Bacillus jejunalis, liquefying gelatine, casein and blood serum. 
We thus may tabulate the various acid and alkali-pro- 
ducing bacteria of the human intestine, isolated in the course 
of this work, as follows : — 



ALKALI-PRODUCERS. 

Group I. — Organisms producing alkali in litmus milk 
not liquefying any media, not fermenting carbohydrates to 
the point of acidity :^f.ecalis alcaligenks, or petrusciiky 
GROUP. Represented in the forms isolated during the course 
of this study by 

1. Bacillus alcaligenes. Migula, 1900. 

Group II. — Organismss producing alkali, not liquefying 
any media, fermenting carbohydrates to the point of acidity 
but no gas :— dvsentericus or shiga groui'. Represented 
by 

2. Bacillus pseudodysentericus, Miiller, 1902. 

Group III. — Organisms producing alkali, not liquefying 
any media, fermenting the carbohydrates with the production 
of acidity and gas : — iiog-cholera or suipestifek group. 
Represented by 

3. Bacillus alcalescens, Ford, 1903 — Fermenting dex- 

trose, saccharose and lactose. 
Ford. 



Bacillus subakalescens, 

dextrose and lactose. 
Bacillus enteritidis, Giirtner, 

dextrose. 
Bacterium galactophilum. Ford, 

saccharose and lactose. 



1903 — Fermenting 
I S8S — Fermenting 



[903 — Ferr 



ntmg 



Group IV.— Organisms producing alkali, liquefying 
gelatine, fermenting carbohydrates with the production of acid 
and gas ; entericus group. Represented by 
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Bacillus entericus. Ford, 1903 — Fermenting dex- 
trose, saccharose and lactose. 

Bacillus subentericus. Ford, 1903- — Fermenting dex- 
trose and lactose. 



Group V. — Organisms prodm 



[ alkali, liquefying gela- 



irbohydrf 



with 



■mentmg ( 

-PROTEUS or MAUSER GROUP. 



nisms 
tine, casein and blood serum, le 
the production of acid and gas :- 
Represented by 

^^^ 9. Bacillus plebeius. Ford, 1 903 — Fermenting dex 
^^^L trose, saccharose and lactose. 

v; 



Bacillus infreguens. Ford, 1903- 
trose and lactose. 



-Fermenting dex- 



Bacillus vulgaris, {Hauser, 1885) Migula, 
Fermenting dextrose and saccharose. 



Group VI. — Organisms producing alkali, liquefying 
various media but not fermenting carbohydrates to the point 
of acidity : — booker group. Represented by 

12. Bacillus recti, Yoxdi, 1903 — Liquefying gelatine. 

Bacillus pylori. Ford. 1903 — Liquefying gelatine 
and casein. 

Bacillus cceci. Ford, 1903 — Liquefying gelatine, 
casein and blood serum. 

Bacillus Bookeri, Ford. 1903 — Liquefying gelatine, 
casein and blood serum. 



ACm-PRODUCERS. 

Group I. — Organisms acidifying and coagulating milk, 
not liquefying any media, not fermenting carbohydrates to the 
point of acidity :^ — F.iiCALis oxvgenes or biknstock group. 
Represented by 

16. Bacterium oxygenes. Ford, 1903, 

17. Bacterium Bienstockii,, Schrdter, 1886. 

Group II. — Organisms acidifying and coagulating milk, 
not liquefying any media, fermenting carbohydrates to the 
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point of acidity but no gas: — acidoformans or Sternberg 
GROUP. Represented by 

1 8. Bacillus oxyphilus, Ford, 1903. 

19. Bacterium acidoformans, Sternberg, 1892. 

20. Bacterium minutissimum, Migula, 19CX). 

Group III. — Organisms acidifying and coagulating milk, 
not liquefying any media, fermenting carbohydrates with the 
production of acidity and gas: — coli or escherich group. 
Represented by 

21. Bacillus coli, Migula, 1900 — Fermenting dextrose 
and lactose. 

22. Bacillus communior, Ford, 1903 — Fermenting 
dextrose, saccharose and lactose. 

23. Bacterium aerogenes, Migula, 1900 — Fermenting 
dextrose, saccharose and lactose. 

24. Bacterium duodenale, Ford, 1903 — Fermenting 
dextrose and lactose. 

Group IV. — Organisms acidifying and coagulating milk, 
liquefying gelatine and fermenting the carbohydrates with the 
production of acidity and gas : — liquefaciens or eisenberg 
GROUP. Represented by 

25. Bacillus gastricus. Ford, 1903 — Fermenting dex- 
trose, saccharose and lactose. 

26. Bacillus subgastricus y¥ord, 1903 — Fermenting dex- 
trose and lactose. 

27. Bacterium liquefaciens, (Eisenberg, 1892) Ford, 
1903 — Fermenting dextrose, saccharose and lactose. 

28. Bacterium sub liquefaciens. Ford, 1903 — Ferment- 
ing dextrose and lactose. 

Group V. — Organisms acidifying and coagulating milk, 
liquefying gelatine, casein and blood serum and fermenting 
the carbohydrates with the production of acidity and gas : — 
CLOACA or JORDAN GROUP. Represented by 

516 
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29. Batillus cioacte. ]otAa.n, 1896 — Fermenting dextrose. 
saccharose and lactose. 
I 30. Bacillus subcloaem. Ford, 1903 — -Fermenting dex- 
trose and lactose. 
31. Bacillus iliacns. Ford, 1903 — Fermenting dextrose 
and saccharose. 

Gkolt VI. — Organisms acidifying and coagulating milk, 
liquefying various media, fermenting' the carbohydrates with 
the production of acid but no gas : — dubius or kruse 



Represented by 
Bacillus chylogem 



Ford, 1903 — Liquefying gela- 
Liquefying 



^^P The following pigment-producing and spore-bearing 
organisms were also isolated but are not included in the 
classification : — 



Bacterittm chymogenes. Ford, 1 90, 
gelatine. 

Bacillus leporis, Migula, 1900 — -Liquefying gela- 
tine and blood serum. 

Bacillus dubiiis, Kruse, 1896 — Litjuefying gelatine, 
casein and blood serum. 

Bacillus jejunalis. Ford, 1903 — Liquefying gelatine, 
casein and blood serum. 



n- 



Pseudomonas aeruginosa (Schroter, 1S72), Migula, 

1900. 

Pseudomonas ovalis (^A\^n.^, 1896), Chester, 1901. 

Bacterittm havaniense (Sternberg, 1892), Chester, 

1901. 

Bacterium Intescens, Migula, 1900. 

Bacterium awMrafozafei (Hueppe & Wood, 18S1), 

Migula, 1900. 

Bacterium implectans, Burchard, 189S. 



34 Intestinal Bacteria, 

43. Bacillus cereus,Yx'dS)\:\dSiA, 1887. 

44. Bacillus mycoides, Flugge, 1886. 

45. Bacterium lacticola, Migula, 19CX). 

46. Bacterium vermiculare (Frankland, 1889), Migula, 
1900. 

47. Bacillus vulgatus, Trevisan, 1889. 

48. Bacillus brevisy Migula, 1900. 

49. Bacillus subtilis, (Ehrenberg, 1833), Cohn, 1872. 

50. Bacillus arachnoideuSy Migula, 19CX). 
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exist in nature, no organisms actually found during the progress of this investigation. A large 
eroup of oreanisiu fficient acid to coagulate milk— is not included, inasmuch as neither Bacillus 

typhosus nor any al 

Several eap ^^ alkali-producing liquefying bacteria, which have no action on carbohydrate 
solutions no provi 'se Group " includes bacteria which produce acid, liquefy various media and 
ferment carbohyd action on carbohydrates other than lactose. Both these extra groups are, 

from a theoretical 

Aeain unde ^°^® have been utilized. Not only are further combinations of carbohydrates 
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bodv. Thus I ha^ * the **Coli Group," but which is characterized by the fermentation of dextrose 
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tine have been divided, it becomes at once apparent that these sch( 
3 hypothecated. As a matter of fact they represent merely the orfi 
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separately considered. Thus while the "Booker Group" include 
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le kidney of a dog, which in its cultural characteristics belonf 
fying gelatine and blood serum, and in the "Kruse Group" 
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B. snbcloacae. 



B. iliacns. 



oacae or Jordan group. 



ns all the organisms which are known to 
le progress of this investigation. A large 
ot included, inasmuch as neither Bacillus 

ia, which have no action on carbohydrate 
produce acid, liquefy various media and 
n lactose. Both these extra groups are, 
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e further combinations of carbohydrates 
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acterized by the fermentation of dextrose 

but possessing the other features of these 



A Ikali- Producers : Petruschky Group. 



1, BACILLUS ALCALIGENES, Mi^ula, 1900. 

tAterature and Synonyms ; 

Bacillu! facalis altaligenes, — Petruschky, 1S96, Ba.c:i11us ffficalis alcaligenes (n.) 

Centralblatt fiir BakCeriolog'ie, Parasitenk. u. Infektionskr. , vol. 19. p. 1 

{nai Bacillus fiecalis, Knise, 1896). 
Bacillus alcaligenes (Petruschky) Migiila, 1900. — Migula, 1900, System 

Bakterien, p. 737. 
Bacillus alcaligenes Petruschky — Chester, 1901, Manual of Determinative B 

teriology, p. 2i8. 



First isolated hy Pet 
Jitarfihoiogy ■ Bacilli rese 



uschky from typhoid stools. 

ibling' Bacillus typhosus in morpholag^, me 

iona, often growing in pairs and in long- filar 



of individual hacilli. 
Motility: Actively motile, especially in old cultures. 
Spores: Not formed. 
Agar Slant : White, glistening growth limited to line of inoculation, not spreading nor 

sloping. 
Agar Colonies : Deep colonies, round, uniform, opaque ; superficial colonies, usually 

transparent, circumscHbed, but may spread slightly, showing opaque centres 



and slightly thinner edges, oflen a 



ning diverse shapes. 



Gelatine Stab 



n the surface, the broth itself being f^riy clear and often 



.' Abundant growth along line of inoculation. No liquefaction. 
Gelatine Colonies : Deep colonies, round and regular; superficial colonies, round, 

translucent, with nail-form appearance. 
Potato : Growth varies from a scanty white 10 an abundant dirty-yellowish or brown- 
ish mass covering entire surface of potato. Growth rarely reddish brown. 
Fermentation Tube; Dextrose Broth: Growth limited to open bulb where a thick, 
heavy scum is formed on the surface, and a heavy !<ediment settles down to the 
■ -■- " — -'-■---- L -iL -'inline. No growth in closed arm. 
it fermented to acid or acid and gas. 
yellowish brown growth along line of inoculation. 



s formed 
Reaction in bulb, al 
Saccharose and Lactost n( 



Blood Serum: Abundant whi 
No liquefaction. 

Nitrates : Reduced to nitrites. 

Indol: Produced rarely in old cultures. 

Feecal Odour: Rare, may appear in old cultures. 

Litmus Milk .■ Characteristic Reaction : Producti 
hours milk turns blue ; no stage of prell 
continues for some days. No coagulati ' ' 
alkali with weak acid the casein ' " 

Pathogenicity : Non-pathogenic to m 

Occurrence and Distribution : Found 



-ahbitE 



gumea-pigs 01 

ourteen cases of fifty examined. Pound in 
in five cases, in caecum alone in two eases, in duodenum alone in 
three cases. Found in combination, in rectum and stomach, in rectum and 
duodenum, in caecum and duodenum and in duodenum and stomach. It is thus 
seen to be commonly present in the lower portions of the intestinal tract, more 
rarely appearing in the upper part of the bowel. 

5'9 
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Intestinal Bacteria. 



2, BACILLUS PSEUDODYSENTERICUS, Muller. 1902. 



Kruse, igor, Weilere Unlersuchungen iiber d 

Deutsche Med. Wpchenschrift, Noa. 23 and 

Ford, W. W., 1901, Classitioation of Intestln. 



Rulirbacillen, 
. of Medical 



Miiller, Paul Theodore, 1902, Ueber den Bakteriologischen Befund bei 1 
Dysenterieepidemie In Sudsteiemiark, Centmlblatt Tiir Bakterlologie, 
31, No. 12, p. 558. 



t isolated by Kruse ii 



" and by Furd from ni 



iO'Sby 



n young a 



I broth 



Motility : Slowly n 
old cullures. 

Sports: Not formed. 

Agar Slant : White, g-hstening growth along hne of inoculalion ! no tendency to 
spread or slope. 

Agar Colonies: Deep colonies, round, regularand opaque; superficial colonies may be 
round, reg'ular, finely granular, translucent, with clean-cut margins, or present 
dark centres with slightly spreading periphery. The latter may spread over the 
surface of the agar, assuming various bizarre shapes. Thefomialion and appear- 
ance of particular colonies cannot he associated with particular cultures as trans- 
fers from one variety of colonies will later originate other varieties. The regular 
non-spreading colonies may be regarded as the more characteristic. In general 
the ag'ar colonies resemble those of Bacillus typhosus. 

Broth : Luxuriant growth with the production of a heavy sediment 5 no pellicle. 

Gelatine Stab : Abundant growth along line of inoculation, spreading slightly on the 
surface of the gelatine ; no liquefaction. 

Gelatine Cotania : Deep colonies round, regular and opaque : superficial colonies 
translucent, finely granular, spreading like those of Bacillus typhosus. 

Potato : Luxuriant yellowish brown or brown growth. 

FermentalioH Tube : Dextrose Broth : Characteristic reaction. Abundant growth in 
bulb with a thick sediment settling down to Che branch. No pellicle. Reoelion 
Acid. Growth extends into closed arm where the broth speedily becomes 
turbid. Reaction of closed arm acid ; no production of gas. 

Saccharose a.nd Lactose not broken up with the production of acid or gas. 

Blood Serum : Abundant white or yellowish- white growth, no liquefaction. 
Growth never becomes red. 

Nitrates : Reduced to nitrites. 

Indol: Produced rarely in smal) quantities. 

Fofcal Odour ; Not produced. 

Litmus Milk : Characteristic reaction. Transient acidity produced within first 24 
hours, yielding to a continuous alkali -product! on which turns the litmus milk 
blue. No coagulation of the milk, Neutrahzation shows tmdissolved casein. 

Pathogenicity : Mice, guinea-pigs and rabbits die after subcutaneous inoculation 
within 34-48 hours of a septicemia. Bacilli in pure culture may be obtained 
from the internal organs. 

Oaurrence and Dislrihulion : Found in ten different cases. Present in rectum in 
four cases, in cacum in one, and in stomach in one. Found in combination in 
four cases, in rectum and caecum twice, in csecum and duodenum and in cscum, 
duodenum and stomach. It is thus seen to be present especially in the lower 
portions of the bowel, but also to appear in the stomach and duodenum as well. 

Serum Reactions: Dues not agglutinate with the blood serum of patients suffering 



i 



Alka/i-Producers : Hog-Cholera Group. 



3, BACILLUS ALCALESCENS. Ford, 1903, (n. sp.) 



and described by Ford. 
< I microns, usually appearing as single 
occasionally growing In long cbains. 
Motility: Actively motile. 
spores: Not formed. 
Agar Slant: White translucent growth, either limited to line of inoculation or 

spreading rapidly from This line within 48 hours, covering the whole agar slant 

and sloping to the bottom 0/ the tube. 
Agar Colonies : Deep colonies round, regular, opaque ; superficial colonies have 

opaque white centres with spreading translucent periphery. 
Broth: Turbidity and sediment, no formation of pellicle. 
Gelatine stab: Abundant growth along line of inoculation, and on the surface of the 

gelatine. No liquefaction. 
Gelatine Colonies: Deep colonies, round, regular; superficial colonies have dark 

opaque centres and spreading peripheries. 
Potato: Growth varies from a scanty yellowish- white to an abundant dirty-brown 

Fermetiialion Tube : Dextrose Broth : Abundant growth in bulb with the formation of 
a heavy sediment. Reaction in bulb, acid. Growth in closed arm with the 
evolution of^Hs and the production a( acidity 

Saccharose and Lactose also fermented with the production of acid and ^as. 
Blood Serum : Abundant opaque white growth. No I iqtie faction. 
Nitrates : Reduced to nitrites. 
Indol : Rarely produced. 
Fiscal Odour : Rarely produced. 

sA/ili: Preliminary acidity yielding in 48 hours to an intense alkali-produc- 






caagutation of the r 
ind Distribution : 1 
ises. A number ' 



n of the ei 



fiefitc 
nd in three 

;, and from the duodenum 
transplantations from origi 



■hich 



t was isolated from 
cascum together in 
plates later proved 



4, BACILLUS SUEALCALESCENS, Ford, 1903 (n. sp.) 



of Medical Research, 

Isolated from intestinal contents and described by Ford. This oi^anism 
differs from the preceding only in its failure to ferment saccharose — dextrose and 
lactoie alike being broken up with the production of acid and gas. In its 
colony formation and in its cultural features it is identical with the organism 
-'—'■ — ^'''d above. Several cultures were obtained from four cases where it 

in the duodenum. 
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5, BACILLUS ENTERITIDIS, Gartner, 1888. 

Literature : 

Gartner, 1888, Ueber die Fleischvergiftung in Frankenhausen am Kyflfhauser und 

den Erreger derselben. Corresp. d. allg^. Arztl. Vereins Thuringen No. 9. 

Migula, 1900, System der Bakterien, p. 744. 

Chester, 1901, Manual of Determinative Bacteriology, p. 207. 

First isolated and described by Gartner in epidemics of meat poisoning. 
Identical culturally with, 

Bacillus paracolon^ Widal, 1897, La Semaine Medicale, Augxist 4th. 

Bacillus paracolon^ Gwynn, 1898, Johns Hopkins Hospital Bulletin, March} 

p. 54- 
Bacillus O.f Gushing, 1900, ibid., July, August, p. 157. 

Bacillus icteroidesy Sanarelli, 1897, British Medical Journal, July 3rd; 1898, 
Central blatt fiir Bakteriologie, 29, p. 376. 

Bacillus paratyphoidy Schottmiiller, 1901. Zeitschrift fur Hygiene, vol. 36, 
p. 368. 

Morphology: Bacillus measuring 0.5 by 1.5 to 2 microns, appearing either as single 
elements, as pairs, or as short chains. 

Motility : Actively motile. 

Spores: Not formed. 

Agar Slant : Greyish-white growth along line of inoculation without tendency to 
spread or slope. 

Agar Colonies: Deep colonies, round, regular, uniform and opaque; superficial 
colonies, round, translucent, with dark nucleus — not spreading. 

Broth : Turbidity, no scum. 

Gelatine Stab : Abundant growth, no liquefaction. 

Gelatine Colonies : Deep colonies regular brown, superficial colonies, round, grey, 
translucent, granular. 

Potato : Abundant brown or yellowish-brown growth. 

Fermentation Tube: Dextrose Broth: Abundant growth in bulb with heavy sediment; 
reaction acid. Growth in closed arm, abundant evolution of gas ; reaction of 
closed arm acid. 

Saccharose and Lactose not fermented. 

Blood Serum: Abundant dirty- white growth ; no liquefaction. 

Nitrates: Reduced to nitrites. 

Indol: Not produced. 

FcBcal Odour : Not produced. 

Litmus Milk : Preliminary acidity yielding to alkali-production within 48 hours ; no 
coagulation. No peptonization of casein. 

Occurrence and Distribution : Isolated from the caecum in two cases, a number of 
cultures from the original plates giving identical reactions. 
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A Ikali- Producers : Hog-Chokra Group. 39 



6. BACTERIUM GALACTOPHILUH, Ford. 1908 (n. sp.) 

Literature : 

Ford, 1 90 1, Classification of Intestinal Bacteria. Joum. of Medical Research, 
vol. I, p. 211. 

First isolated from intestinal tract and described by Ford. 
Morphology : Bacteria measuring^ 0.75 by 1.5 microns, appearing^ in single elements. 
Motility : Xon-motile. 

Spores : Not formed. 

Agar Slant : Raised, viscid, sweaty gTO\^th, spreading^ alongf line of inoculation, but 
not sloping^ to bottom of tube. When touched with platinum needle long^ threads 
are broug^ht away. 

Agar Colonies: Colonies varj* in size, are usually round, project from the surface, are 
dull-white in color, appearing^ not unlike drops of sweat. 

Broth : Turbidity, scum on the surface and an abundant sediment. 

Gelatine Stab : Abundant g-rowth, no liquefaction. 

Gelatine Colonies : Deep colonies, round and regular ; superficial colonies irregular, 
skein-like with spreading processes. 

Potato : Abundant dull white growth. 

Fermentation Tube: Dextrose Broth: Thick scum and heavy sediment in bulb, no 
growth in closed arm ; reaction in bulb alkaline. Dextrose not broken up. 

Sacharose and Lactose both fermented with the production oi acid smd gtis. 

Blood Serum : Abundant white growth, no liquefaction. 

Nitrates: Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odour: Not produced. 

Litmus Milk : Preliminary acidity followed by intense alkali-production. No coagu- 
lation. No peptonization of the casein. 

Occurrence and Distribution : Obtained in several cultures from the stomach of 
one case. 
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7, BACILLUS ENTERICUS, Ford, 1903. (n. sp.) 



Fard. W. W., 



First isolated from it 



leslinal contents a 
ng:o.s by 1.5^3.1 



inal Bacteria. Journal of Medic 

id described by Ford. 

often growing out in' 



Spot 

Agar 



\lity : Actively mo 
■es: Not formed. 



Agar Cohmiei 



ir Slant : White, glistening' growth, spreading over the surface of agar, and 
specially luxuriant sloping to the bottom of the lube, where it forms a 
thick heavy mass. 

colonies round, regular, opaque ; superficial colonies have 
es and sliglilly spreading peripheries. Colonies never spread 
as much as those of Bacillus vulgaris and are easily distinguished from them. 
Broth : Marked turbidity, no scum. 

Gelatine: Rapid liquefaction from surface downward; within 24 hours a thick rim 
of liquefied gelatine is produced and by the end of the fifth day the entire mass 
of gelatine is transformed to a thin iluid. 
Gelalini Colonies : Small, round, regular, translucent colonies often in rouleaux and 

giving a "broken glass" appearance. 
Potato: Luxuriant dirty-brown growth spreading rapidly over the surface of the 

Fermentation Tube .- Dextrose Brotk : Turbidity in bulb ; heavy sediment ; acid 
reaclian ; growth in closed arm ; acid reaction and evolution of gas. 

Saccharose and Lactose also split up into acid and gas. 

Blood Serum : Thick white growth, bo liguejaciion. 

Nitrates : Reduced to nitrites. 

Indel: Produced, ofien in large quantity. 

Fiecal Odour: Rarely produced. 

Litmus Milk : Preliminary acidity followed by intense alkaii-production. Na lique- 
faction. Upon neutralization casein found undissolved. 

Occurrence and L3istrihution : Isolated from nine cases ; from rectum alone in three 
cases, from stomach alone in two cases, from Cfficum alone in one case, from 
stomach and ciecum together in one case, and from stomach, cegcuri and rectum 



8, BACILLUS SUBENTERICUS, Ford, 1903 (n. sp.) 



Literature : 

Ford, W. W., 1901, Classification of Intestin 
Research, vol. i, p. 21 1. 
Organism similar to Bacillus enterlcus it 
but failing to ferment Saccharose were isolated 
sub-species of this microorganism. They we 
case and in the CEeokim of another. 



in the stomach of o 



Alkali Producers : Proteiis Group. 



9, BACILLUS PLEBEIUS, Ford, 1903 (n.sp.) 



Marplmlogy : Bacilli 0.5 by 1.5 -3.0 microns appearin;; ii 
Motility: Actively motile, especially in old cultures. 
Spores : Not formed. 



and sloping- to bottom of tube. 
Agar Colonies : Deep colonies n 

have opaque white centres a 

branching threads. Colonic 
Broth : Marked turbidity, Rar 
Gelatine: Abundant growth alt 

faclifn of gelatine beginning 
Gelatine Colonies ; Spreading 
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Potato: Abundant yellowish wh 



Fermentation Tube: Dextrose I 
rapid growth in closed ai 
Reaction in bulb and closed arm acid. 

Gas and acid also from Saccharose an 

Blood Serum : Abundant growth ; slow but c 

Nitrates : Reduced to nitrites. 

fndol: Rarely produced. 

FtEcal Odour : Not produced. Odor of putre 

Litmus Milk: Preliminary acidity foil 
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floating on the surface. Neutr; 
the casein. 
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Occurrence and Distribution : This microorganism was ist 
different cases, thus being present in nearly half of the 
fonnd in the rectum alone in four cases, in cjecun! 
duodenum alone in seven cases, and in the stomach aloi 
Found in combination, in stomach and rectum, in ! 
in stomach and caecum, and in duodenum, cscum and rectum. In three cases 
obtained from stomach, duodenum and cascum, and in one case Isolated from 
every portion ol the intestines examined, stomach, duodenum, csscum and 



tomach and duoder 



frequent in the lower portion of the bowel. 
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10, BACILLUS INFREQUENS, Ford. 1903 (n.sp.) 



tfria — Journal of Medical 
Iheir faiting; lo rerment 



Ford, W. W., 1901, ClasaiRcation of Inlestinal Bai 
Research, vol. i. p. zii. 

Org'Biiisms differing from the preceding' form in 

Saccharose, hut agreeing wilh it in their main cuiiurai leaiurcs ma 
veniently he grouped to);ether under the name Bacillus infteqvens. 

This form was obtained in nine different cases, in rectum once, in ca;cun 
in duodenum three times and in combination in rectum and ciecutn a 
rectum and stomach twice, and in duodenum and stomach once. It 
more frequently met wilh in the upper portions of the alifnenlary 
being especially common lo the duodenum. 



11, BACILLUS VULGARIS (Hauser. 1885), Mlgniia, 1900. 

Lileralure and Sy,u,iiyms t 

Proteus vulgaris, Hauser, 1SS5. Ueber Faulnlss-baclerien, Leipzig. 

Bacillus praleus, Trevisan, 1S89, Genera. 

Bacillus vulgaris (Hauser) Mip;ula, 1900, System der Baklerien, p. J07. 

Baci/lus vulgaris (Hauser), —Chester, iqoo, Manuai of Delerminalive Bacteri- 
ology, p. 144. First isolated from putrefying mahses by Hau.ser. 
Mbrfihologji : Bacilli 0.5- 1.0 by i.o - 3.0 microns In dimensions, appearing in pairs 

but frequently in long chains. Great diversity in morphological appearance, 

the individual elements frequently looking like micrococci, or very stumpy 

bacilli. 
MoiUily -. Young cultures show sluggish motility, old cultures often show active 

motility. 
Sports : Not formed. 
Agar Slant : Thin bluish-grey growth, spreading rapidly over the surface of the 

agar and sloping (o the bottom of the tube. 
Agar Colonies -. Typical spreading colonies wilh opaque white cenlres and outlying . 

bluish-grey periphery. Deep colonies, round or oval, brown in color. 
Broth : Turbidity marked, rarely a scum. 
Gelatine : Abundant growth ; rapid and complete liquefaction, beginning at the 

surface and extending downwards along line of inoculation. 
Gelatine Colonies: Irregular spreading colonies with rapid liquefaction of the 

gelatine about them. 
Potato \ Abundant yellowish-white, or creamy-wliite growth, turning brown in old 

cultures. 
Fermentation Tube : Dextrose Broth -. Rapid growth with production of a heavy 

sediment. Growth in closed arm. Abundant gas. Acid reaction in bulb and 

Saccharose broken up into acid and gas. 
Lactose not affected by this bacillus. 
Blood Serum : Abundant growth. SloTO and complete liquefaction. 
Nitrates : Reduced to nitrites. 
Indol : Not produced. 

Facal Odour : Not produced. Putrefactive odor common. 

Litmus Milk: Preliminary acidity followed by intense alkali-production with 
peptonization of the casein and reduction of the litmus. Usually a soft coagulum 
is produced. After ten days milk transformed lo a thin colorless liquid wilh a 



few oil drops floating on the surface. 
Occurrence and Distribution : Found in four different cases from e 
several different cultures were obtained. Obtained from rectum 
twice and from stomach and caecum in combination once. 



cli of which 



Alkali Producers: Booker Group. 43 



12, BACILLUS RECTI, Ford, 1903 (n. sp.) 

Literature : 

Ford, W. W., 1901, Classification of Intestinal Bacteria, Journal of Medical 
Research, vol. i, p. 211. 

First obtained from intestinal contents and described by Ford. 

Morphology : Bacilli measuring- 0.5 by 1.5-2.0 microns, occurring usually in pairs 
and chains. 

Motility : Actively motile. 

Spores : Not formed. 

A^ar Slant : Greyish-white g^rowth limited to line of inoculation^ not spreading- or 
sloping-. 

Agar Colonies : Deep colonies, round, reg-ular, uniform ; superficial colonies very 
larg-e,have opaque centres and very slightly spreading- edg-es without branching-. 

Broth : Turbidity ; no scum. 

Gelatine : Rapid and complete liquefaction along line of inoculation. 

Gelatine Colonies : Round or oval colonies, brown in color with gred,t variations in 
size and shape. 

Potato : Luxuriant brownish-red g-rowth. 

Fermentation Tube : Dextrose Broth : Turbidity in open bulb to which the growth 
is limited ; no growth in closed arm. Reaction of bulb alkaline, 

Sacchajose and Lactose not fermented. 

Blood Serum : Abundant white glistening growth without liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odour : Not produced. 

Litmus Milk : No preliminary acidity. Immediate alkali-production. No coagu- 
lation of the milk, ^o peptonization of the casein. 

Occurrence and Distribution : Found but once in the intestinal contents when several 
cultures were obtained from the caecum and rectum of one case. 
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13, BACILLUS PYLORI. Ford. 19 

Literature ; 

Port], W. W., 1901. Classiricallon of Intestinal Bac 
Research, vol. i, p, iii. 

First obtained from iniegtinal contents by Ford. 
Morphology: Larg'e bacilli measuring i.a by 3.0 '4,0 n 



Moiiliiy : Very actively motile. Bacilli shoot rapidly from one portion of ihe Geld 

10 another with the velocity of a cholera vibrio. 
spores -. Not formed. 
Agar Slant : Spreading white translucent growth. 

s round and regular : superficial colonies spread over 
1 opaque white centres and outlying edges. 
Bnih : TurbidUy, no scum. 

Gelatine Stab : Abundant growth. A'apid Hgue/aclion from surface downward. 
Gelatine Colonies -. Deep colonies round and regular j superficial colonies greyish 

with dark opaque centres and outlying' translucent ring not spreading. 
Potato \ Luxuriant dull white growth. 
Fermentation Tube : Dextrose Broth : Growth limited to open bulb where a heavy 

sediment is produced. No growth in closed arm. Reaction of bulb alkaline. 
Saccharose and Lactose not broken up. 
Blood Serum : Abundant white growth, no ligue/aclion. 
Nitrates: Reduced to nitrites, 
Iiidol: Not produced. 
Fiscal Odour: Not produced. 
Litmus Milk : Preliminary acidity followed by alkali-produc 

the milk. Rapid peploniiation oC the . ... 



■ein and redjtctio. 
; in the intestinal! 



being 15 



lated 



Alkali Producers : Booker Group. 45 



14. BACILLUS C^CI, Ford, 1903 (n. sp.) 

Literature : 

Ford, W. W., 1901, Classification of Intestinal Bacteria. Journal of Medical 
Research, vol. i, p. 211. 

First obtained from intestinal contents by Ford. 

Morphology : Long thick bacilli measuring- 0.75 by 2.0-4.0 microns, usually growing 
in long chains. 

Motility : Very sluggishly motile. 

Spores : Not formed. 

Agar Slant: Brown sweaty growth along line of inoculation without spreading or 
sloping. 

Agar Colonies : Opaque, round, non-spreading colonies. 

Broth : Turbidity and rarely the production of a scum. 

Gelatine Stab : Abundant growth along line of inoculation. Rapid and complete 
liquefaction. 

Gelatine Colonies : Irregular brown colonies, often associated in long rouleaux and 
cork-screws. 

Potato : Luxuriant yellowish-white growth. 

Fermentation Tube : Dextrose Broth : Growth limited to open bulb where a great 
turbidity is produced. No growth in closed arm ; reaction alkaline. 

Saccharose and Lactose not broken up. 

Blood Serum : Abundant yellowish-white growth and a slow but complete 
liquefaction. 

Indol : Not produced. 

Fcecal Odour : Not produced. 

Litmus Milk: No preliminary acidity. Intense alkali production. No coagulation. 
Rapid liquefaction of casein. 

Occurrence and Distribution : Found in one case from which it was obtained from 
the stomach and rectum. 
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15, BACILLUS BOOKERI, Ford, 1903. 

Literature and Synonym : 
Bacillus A. Booker. 

Sternberg, 1896, Manual of Bacteriology, p. 492. 

First isolated from alvine discharges of children suffering with cholera infantum, 
by Booker. 

Morphology : Small bacilli measuring ^ x i^ to 2 mikrons. 

Motility: Actively motile. 

Spores : Not formed. 

Agar Slant : Abundant yellowish or yellowish-brown growth along line of inocula- 
tion, not spreading or sloping. 

Agar Colonies: Deep colonies, round, regular, opaque; superficial colonies have 
opaque centres and transparent thin film in periphery, which gradually merges 
with surrounding agar giving an indistinct bluish look. 

Broth: Marked turbidity, no scum. 

Gelatine: Abundant growth along line of inoculation ; slow but complete liquefac- 
tion along line of puncture. 

Gelatine Colonies : Round brown colonies of various sizes. 

Potato : Luxuriant yellowish white growth. 

Fermentation Tube : Dextrose Broth : Abundant growth in open bulb with the pro- 
duction of a heavy sediment. No growth in closed arm. Alkaline reaction in 
bulb. 

Saccharose and Lactose also not broken up. 

Blood Seru7n : Yellowish-brown growth. Gradual liquefaction. 

Nitrates : Not reduced to nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : No preliminary acidity. Intense alkali-production. No coagulation. 
Slow and complete liquefaction of the casein with reduction of the litmus. 

Occurrence and Distribution : (Isolated from one case, the stomach of a foundling. 
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16, BACTERIUM 0XY6ENES, Ford, 1908 (n. sp.) 

Literature : 

Ford, W. W., 1901, Classification of Intestinal Bacteria. Journal of Medical 
Research, vol. i, p. 211. 

First isolated from intestinal contents by Ford. 

Morphology : Bacteria measuring^ 0.5 by 2.0-3.0 microns. 

Motility : Non-motile. 

Spores : Not formed. 

Agar Slant : Thick white glistening* growth, limited to line of inoculation. 

Agar Colonies : Deep colonies small brown and regfular ; superficial colonies large, 
round, translucent, spreading over the surface of the agar and assuming a 
bluish look. 

Broth : Turbidity, no scum. 

Gelatine Stab : Growth along line of inoculation, no liquefaction. 

Gelatine Colonies : Irregular brownish colonies of various sizes and shapes, usually 
round or oval, not characteristic. 

Potato'. Very abundant yellowish-white or yellowish-brown growth, rapidly covering 
cut surface of potato. 

Fermentation Tube : Dextrose Broth : Abundant growth in bulb with production of a 
turbidity and sediment. Reaction alkaline. No growth in closed arm. 

Saccharose and Lactose not fermented. 

Blood Serum : Abundant white growth without liquefaction. 

Nitrates : Not reduced to nitrites. 

Indol : Not produced. 

Fiscal Odour : Not produced. 

Litmus Milk : Intense acid-production. Coagulation of the milk to a dense hard 
mass. No liquefaction of the casein. 

Occurrence and Distribution : Found in one case from which several cultures were 
obtained from the duodenum and caecum, and from the caecum of another case. 
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17, BACTERIUM BIENSTOCKII, Schrbter. 1886. 

Literature and Synonyms : 

Bacillus aus ftsces^ No. iii, Bienstock. 

Bienstock, Ueber die Bakterien der Faeces, Zeitscbrift fiir klin. Med., Bd. 
VIII Heft I. 

• • 

Bacterium Bienstockii^ Scbroter. 

Schroter, 1886, Pilze Schlesien, p. 163. 

Bacillus coprogenes parvus^ Bienstock. 

Flugfg-e, 1886, Die Mikroorganismen, 2nd edition, p. 269, 1896, 3rd edition, 
vol. 2, p. 423. 

• • 

Bacterium Bienstockiiy Scbroter. 

Migula, 1900, System der Bakterien, p. 393. 

Bacterium, Bienstockii^ ScbrGter. 

Chester, 1901, Manual of Determinative Bacteriology, p. 144. 

First obtained by Bienstock from human fasces. 

Morphology : Very short fine bacteria measuring 0.5 by 0.75 microns, in stained 
preparations barely to be distinguished from micrococci. 

Motility : Non-motile. 

Spores : Not formed. 

Agar Slant : Growth very slow ; after 48 to 72 hours only a faint film produced 
on agar. 

Agar Colonies : Small, fine, brown, non-spreading colonies. 

Broth : Turbidity, no scum. 

Gelatine Stab : Slow growth along line of inoculation. No liquefaction. 

Gelatine Colonies : Small fine regular pale brown colonies. 

Potato; Hardly perceptible, greyish-white growth. 

Fermentation Tube : Dextrose Broth : Growth in bulb, where faint turbidity is pro- 
duced. Reaction alkaline I No growth \n closed arm. 

Saccharose and Lactose not fermented. 

Blood Serum : Faint white film. No liquefaction. 

Nitrates : Not reduced to nitrites. 

Indol : Not produced. 

FcBcal Odour : Not produced. 

Litmus Milk'. Acid-production, slow coagulation, eventual production of a dense 
firm mass. No liquefaction of the casein. 

Occurrence and Distribution : Isolated from the caecum of one case. 
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18, BACILLUS OXYPHILUS, Ford, 1903, (n. sp.) 

Literature : 

Ford, W. W., 1901, Classification of Intestinal Bacteria. Journal of Medical 
Research, vol. i, p. 211. 

Isolated from intestinal contents by Ford. 

Morphology : Bacilli measuring^ 0.75 by 2.0 microns. 

Motility : Actively motile. 

Spores : Not formed. 

Agar Slant Abundant thick white growth. 

Agar Colonies : Deep colonies round, reg"ular and greyish ; superficial colonies 
usually have opaque white centres and slightly radiating branches. 

Broth : Turbidity and rarely a slight scum. 

Gelatine Stab : Growth along line of inoculation. Ao liqvefacticn. 

Gelatine Colonies: Irregular, round or oval colonies, presenting " broken glass " 
appearance. 

Potato : Luxuriant brownish growth. 

Fermentation Tube : Dextrose Broth : Growth in open bulb with the production 
of turbidity and sediment. Reaction acid. Growth in closed arm. Reaction 
acid. No gas. 

Saccharose and Lactose not fermented. 

Blood Serum: Luxuriant greyish-white growth. A'o liquefaction, 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced . 

Litmus Milk: Acid-production and coagulation of the milk within 24 hours. No 
peptonization of the casein. 

Occurrence and Distribution : Isolated from four cases, once from the stomach and 
three times from the caecum. 
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19. BACTERIUM ACIDOFORMANS, Sternberg, 1892. 

Literature and Syrfnyms : 
Bacillus acidoformans : 

Sternberg^, 1892, Manual of Bacteriologfy, p. 499. 
Bact. AcidoformanSy Sternberg" : 

Chester, 1901, Manual of Determinative Bacteriology, p. 150. 

Isolated from the liver of a Yellow Fever cadaver by Sternberg. 

Morphology; Thick stumpy bacilli measuring 0.75 by 1.0-1.5 microns, often 
associated in long chains. 

Motility : Non- motile. 

Spores : Not formed. 

Agar Slant : Abundant thick white growth spreading over the surface of agar and 
turning brown in old cultures. 

Agar Colonies : Deep colonies, minute and brownish ; superficial colonies large, 
opaque and circumscribed. 

Broth : Turbidity, without scum. 

Gelatine Stab : Growth along line of inoculation. No liquefaction. 

Gelatine Colonies : Deep colonies fine, opaque ; superficial, irregular, translucent, 
non-spreading. 

Potato : Luxuriant yellowish-white or yellowish-brown growth. 

Fermentation Tube : Dextrose Broth : Abundant growth in bulb with the production 
of a turbidity and sediment. Reaction acid. Abundant growth in closed arm. 
Reaction acid. No gas formed,* 

Saccharose and Lactose not fermented. 

Blood Serum : Heavy white growth without liquefaction. 

Nitrates : Not reduced to nitrites. 

Jndoli Not produced. 

FcBcal Odour : Not produced. 

Litmus Milk : Acid reaction within 24 hours. Coagulation of the milk to a hard 
firm mass. No peptonization of the casein. 

Occurrence and Distribution : Found in two cases, in the caecum in one case and in 
the stomach, duodenum and caecum alike in the other. 

*I have never found that this organism produces any gas bubbles with the carbohydrates. 
It produces only an acidity. 
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20, BACTERIUM MINUTISSIMUM, Migrila, 1900. 

UttratuTe and Synonyms : 

Bacillus pyogenes miitiilissinitis, Kruse. 

Fliig^ge, Mikroorganismen, 1896, Bd. II, p. 447. 
Bac/erium minuiissimum, Mig'ula. 1900. 

Migfula, 1900, System der Bacterien, p. 418. 
Isolated by Kruse from a brain abscess. 
Morphology : Fine short bacilli measuring \ by 1 micron, appearing usually b 

diplo-bacilli which when stained look like diplococci. 
MoUlity : Non-motile. 
Spores ! Not formed. 
Agar S/anl : Faint transpa 
after 48 hours sinking ii 
difficulty. 

jlonies not characteristic ; superficial colonies pale g 
iring only after 48 hours. 
Brolh : Slow growth, with the production of a turbidity bnl no scum. 
Gelatine S/ab : Fainl slow growth along line of puncture. No lique/ocliQn. 
Gelatine Colonies : Small roimd regular pale-brown or pale-yellow colonies. 
Potato ; Faint, white glistening growth developing after several days. 
Fermentation Tube : Dextrose Broth : Faint turbidity in bulb with scanty sedirc 
Seaction acid. Slow growth in closed arm. /Reaction add. no gas. 
Saccharose and Lactose not fermented. 
Blood Serum : Faint white growth. No liquefaction. 
Nitrates : Reduced to nitrites. 
/ndol: Not produced. 
Fiscal Odor -. Not produced. 
Litmus Afilk : Reaction acid. Coagulation of 

Occurrence and Distribution : Isolated from th» 



lilk after 48 hours. Noptpton 
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21, BACILLUS COLI, Migula. 1900.* 

Literature and Synonyms : 
Bacterium colt commune, 

Escherich, 1886, Darmbakterien des Sauglingfs, Stuttgart. 

Neapeler Bacillus. 

Emmerich, 1884, Deutsche med. Wochenschriit, No. 50. 

Bacillus Neapolitanus, 

Fraenkel, 1887, Grundriss der Bakterienkunde. 

Em.merichs Bacillus, 

Eisenberg, 1886, Bakteriologische Diagnostik. 

Bacillus pyogeneS'fcetidus, 

Passet, 1885, i^tiol. eiterigen Phlegmon des Menschen, Berlin. 

Bacillus coli. ( Escherich,) 

Migula, 1900^ System der Bakterien, p. 734. 

Bacillus coli communis verus, 

Durham, 1900-1901, Journal of Experimental Medicine, vol. V, p. 353. 

Bacillus coli (Escherich). 

Chester, 1901, Manual of Determinative Bacteriology, p. 205. 

First isolated by Escherich from the intestinal contents of infants. 

Morphology : Short stumpy bacilli measuring 0.5 by i.o - 2.0 microns. Occurs usually 
in single elements but frequently in pairs and short or long chains. When 
unstained the long chains are seen to be made up of 15 to 20 separate bacilli 
linked together. May appear as a diplobacillus which when stained looks like 
a diplococcus. The diplococcoid forms are common in young cultures, or, as 
Adami has pointed out, are frequently seen in attenuated cultures from the 
tissues or from the gall bladder. 

Motility : Bacillus coli always possesses a well defined motility which, while 
not especially active, is always sufficient to differentiate it from any bacteria. 
In the 200 cultures of this bacillus which were obtained at various intervals, 
unquestioned motility was demonstrated in every culture. The motility is 
usually less than that of Bacillus typhosus or that of Ps. aeruginosa 
(Bacillus pyocyaneus) but occasionally cultures are encountered where the 
bacilli move across the field with the velocity of a cholera vibrio. Usually a 
moderate motility. 

Spores'. At no time observed. The diplococcoid form is considered by Adami to 
represent an attempt on the part of the bacillus, when grown under unfavorable 
conditions, to assume a more resistant state, but one distinct from spore 
formation. 

Agar Slant : Glistening white or yellowish white growth extending rapidly along the 
line of inoculation, spreading and sloping to the bottom of the tube, where it 
developes luxuriantly. In old cultures the growth becomes dirty brown, especially 
after drying. Attenuated forms grow as a faint white film on the surface 
of agar. 

Agar Colonies : Deep colonies, round or oval, regular, sharply cut edges, slightly 
brown in color, nail-form growth often seen ; superficial colonies are slightly 
opaque, brownish, either circumscribed or spreading over the surface of the 
agar and assuming diverse forms, sometimes occupying the whole plate. 



* The correct name of this orgfanism is probably Bacillus Neapolitanus^ which was the 
first use of a binominal species name. It seems better, however, to retain Migfula's name. 
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Broth : Turbidity and hEavy 
filmy Bcum on the surtat 
and sinking to the boiioir 
when transferring it Iron 
film. At no time is a s 
its firm glistening surface 
formed by Baallus coh. 


ediment Bettling lo the bottom of the lube. Slight 
e sticking lo the sides of the tube, easilv broken up 
. Slight movemetils such as handling th^ broth tube 
one place lo another, are sufJicienl to dislodge the 
um like that of Ps. aeruginosa (B. pyocyancusj with 
or that of Bacillus subtilis wilh its hard leathery look, 


Gelatine Slab : Abundant gro 
surface of ihe gelatine. 


wlh along line of inoculation and spreading over the 

Vd liquefaction. 


GelaliHe Colonies : Deep colon 


ies regular, round or oval, brownish in color ; superw 


ficial colonies, opaque, br 


ownish, slightly spreading. 


Potato: Growth varies from 
abundant yellowish brow 
surface ot the potato. 


faint while glistening barely perceptible film to an 
or even reddish brown mass covering the entire cut 


The varlationB in the 


growth depend more on the nature and com position of 


the potato than upon any 


variations in the bacillus itself, as a number of potato 



wilh the same culture will show every conceivable : 
extent and character of growlh. 
FtrmentatioH Tube : Dextrose Bralk : Abundant growth in bulb with the production 
of a turbidity and heavy sediment. Rarely, a faint film on the surface. Reaction 
in bulb acid. Abundant growth in closed arm with rapid evolution of gas. 
Reaction in cloaed arm acid. 



The amount of gas from the dextrose broth v. 
this quantity depending somewhat on the tempera 
place, and somewhat upon the character of Ihe c 
lion of gas is deceptive, as the feimentalion tube 
days allow approxi 

Sacchi 

Lactoi 
from lactf 
lime the 



1 considerably In quantity, 
at which the growth takes 
■e itself. The first evolu- 
hen kept for a number of 
collect. 



fel. 



itity of gas 

•idotgas. 

of acid and gas. The quantity of gajs 
iderably, but if the lactose tubes be observed for some 
n the different lubes will be found lo reach nearly the 



It broken up lo ei' 
up with the prodi 



Blood Serum : Abuiidani 
Nilralcs: Reduced to n 
Indol : Usually produced 



iwlh o 



surface. A'd liqiiefacl, 



orgam 



unJantly. The amount is greater in old cultures and 
freshly isolated from the lower portion of the intestinal tract, 
s from the stomach give positive indol reactions. Again, cul- 
ms which are undoubtedly Baalitis coU fail to produce indol. 



FcBcal Odour: Usually produced. Ni 
cation ol Bacillus coli as many cull 

Litmus Milk : Abundant acidity invariably produced wilhin 48 
acid constantly increasing, milk usually coagulated on Ihe f 
the coagulation of milk takes place early, the coagulun 
but white or pink in color. The amount of acid const: 
the coagulum assumes a pink color which is increased 
oxygen. Shaking the tube and breaking up the coagulu 
' pnk. In other cases an acidity is produced 



:essary for the identifi- 

ours. Amount of 
cond day. When 
is dense and firm 

: of 



Illy 



produces a deep 
the coagulation 
delayed for some days, sometimes for a period of three weeks. Coagulation 
, always e-ventually takes place even though delayed for some time. 

Frequently thelransferof themilk tubes from a lower to a higher temperature, 
AS from that of the room lo that of Ihe thermostal, will induce coagulation in 
Specimens in which the coagulation has failed to appear. Heating in the 
gas Same also throws down Ihe casein. The lime at which coagulation 
depends somewhat on the quality of the milk used, as freshly 
ted lubes will occasionly reveal an immediate coagulation with 
bacillus which originally failed to coagulate for days. In two 
:utuires were encountered which coagulated milk within 18 hours, 
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the coagfulum remaining^ white and colorless. In all other respects thisorgfanisnn 
corresponded to a typical Bacillus coli. Booker, 1889, has also referred to 
this variety. 

Under all circumstances the production of acidity and the coagulation of milk 
must be regarded as essential to the diagnosis of Bacillus coli. No production of 
alkali at any period. No peptonization of the casein. 

Occurrence and Distribution I Found in twenty-seven different cases, 1.^., in over 
50% of the cases examined, and thus is slightly more frequent than Bacillus 
communior of Durham. 

Isolated from the rectum alone in five cases, from the caecum alone in four 
cases, from the duodenum alone in two cases and from the stomach alone in 
one case. 

Isolated from two portions of the intestinal tract in ten cases ; from caecum 
and rectum in six cases, rectum and duodenum once, rectum and stomach once, 
and stomach and duodenum twice. 

It was obtained from three portions of the intestinal tract in four cases ; 
from stomach, duodenum and caecum twice ; from stomach, duodenum and 
rectum once, and from duodenum, caecum and rectum once. In one case found 
in the stomach, duodenum, caecum and rectum. 

It is thus seen to be one of the most common inhabitants of the intestinal 
tract, appearing in all its regions, but especially favouring a location in the caecum 
and rectum, although wandering frequently to the duodenum and stomach, 
where it grows abundantly and where its cultures produce characteristic 
reactions on culture media. 
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. BACILLUS COMMUNIOR, Ford, 1903. 



Liltrature and Synonym : 
Bacillus coll communivr. 

Durham, 1900-190T, Journal of Experimental Medicine, vol. V, p. 353. 

Ford, W.W., 1900, Class ill call on Tnlestinal Bacteria, Joum. of 

Medical Research, vol. I, p. :[i. 

As already slated, Durham has called attention to the fact that Ihe variety 
o( Bacillus coli, which was orig;inally described by Eschericb, is not endowed 
with tbe property ai fermenting Saccharose, and that this variety is not as 
common in the intesiinal tract as Ihe organism ferment in k the three sugars. 
Our observations on the intestinal flora subsiantiate Durham's cont:lusions in 
their main details. There are two g-real groups of Bacillus coli to be 
separated by their capacity of splitting up Saccharose, as faa.s already been 
mentioned, 10 one of which the name. Bacillus coli, Escherich, is exactly 
applicable, while for the other the name. Bacillus fommunior, may be utiliied, 
reserving as a. synonym the term ciriii;inally proposed by Durham, Bacillus coli 



In regard to the frequc 



1 the i< 



,vith w 



ch these 



jorgan.i 



1 Durh 



icillus coli fermenting Saccharose Is some 
Bacillus coli of Escherich, and thus the name BatUlia com 
interpreted numerically although it be relained as a speclfii 
The cultures of Bacillus lommtini'ir agree in all importa 
pure type of this species, in morphology, motility, no 
production and in their reactions with dextrose broth in the fei 
Saccharose is fermented, however, with the production <i( acidily 



respects with the 






ciimnre and Distribution : Obtained in twenty-six cases out of fifty examined, as 
compared with twenty-seven for the virus; and in forty-four portions of the 
intestinal tract as compared with forty-seven for the verus. 

Found in one portion of intestinal tract alone in fourteen cases, in eight of 
which it was isolated from the rectum. In two from the caecum, in one from the 
duodenum and in three from the stomach. In seven cases it appeared in two 



region 



and I 



n and duodei 

las obtained from three j 

n, stomach and duodenui 

obtained from all the different regions of the i 



cum thre 
id duodeni 



in all portions of the bowel, especial!) 
occupy the duodenum and stomach as 



iiards the lower 
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23, BACTERIUM AEROGENES, Migfula, 1900. 

Literature and Synonyms : 

Bacterium lac t is aerogenes* 

Escherich, 1886, Die Darmbacterien des Saugling's, Stuttgart, p. 57. 

Bacterium aceticum, 

Babinsky, 1888, Zeitschrift f. Phys. Chemie, 12, p. 434. 

Bacillus aerogenes, 

Kruse, 1896, Fliigge, Die Microorganismen, p. 340. 

Bacterium aerogenes, (Escherich.) Migula. 

Migula, 1900, System der Bakterien, p. 396. 

Bacterium aerogenes. Escherich. 

Chester, 1901, Manual of Determinative Bacteriology, p. 128. 

First isolated by Escherich from the intestinal contents of infants. 

Morphology : Short stubby bacteria usually measuring 0.75 by i.o microns. When 
stained these forms resemble large cocci. When unstained are seen to be 
short bacteria. Longer bacteria oi the same diameter as the typical forms are 
frequently met with, their length approximating 2.0 microns, the diameter, 
however, being identical with that of the short stubby forms. Milk cultures 
show the development of a capsule the presence of which contributes to the 
peculiar thick form of the micro-organism. 

The morphology of Bacterium aerogenes is always characteristic and is 
of prime importance in its identification. 

Motility: Motility cannot be demonstrated ^at anytime either in agar and broth 
cultures, or in old cultures. 

Spores : Not formed. 

Agar Slant : Abundant thick white glistening growth, usually heaped up at the edges 
and along the line of inoculation. It often spreads over the surface and slopes 
to the bottom of the tube. It rarely penetrates deeply beneath the surface of 
the agar, and it recovers its typical appearance after several inoculations. 

Agar Colonies : Deep colonies round and regular ; superficial colonies thick, opaque, 
raised slightly from the surface and circumscribed in outline. 

Broth : Great turbidity, abundant sediment and usual production of scum. 

Gelatine : Thick growth along line of inoculation and spreading over the surface of 
the gelatine. No liquejaction. 

Gelatine Colonies : Deep colonies, round, regular, greyish brown ; • superficial 
colonies, thick, opaque, porcelain white. 

Potato : Thick, yellowish-white or yellowish-brown growth with peculiar wart-like 
elevations along the edges and upon the surface. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. Reaction acid 
in bulb. Abundant growth in closed arm with the production of an acid reaction 
and xnuch gas. 

Saccharose and Lactose also fermented with the production of gas and acid. 

Blood Serum : Abundant glistening white growth. No liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Usually not produced. Occasionally typical cultures of Bacterium, aerogenes 
give characteristic -and positive reactions for indol. 

Litmus Milk: Acidity produced within 18 hours. Coagulation of the milk usually 
within the first 24 hours, the coagulum being a pale pink in color. The color 
deepens with the production of acidity and by the free access of oxygen to the 
coagulum. The coagulation may be delayed 15-20 days, but always eventually 
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;d by rapid changes of temperalu 



develops. It may frequonlly bi 
Bacteria which, wilh some specimens oi mim cd; 
coagulate ether samples n>i1bm 48 hours. O 
coagulum is produced in Ihe first day, only a. falnl 
tocerlain <iaVmre% o{ BadUus roli. No peptonieat 



: will 

illy a perfectly while 
ily developing:, analogous 



idity and coagulatio 



Occarrence and Distribniion : Isolated from thirl y-one different cases, thus being (he 
most frequent microoi^anism in the intestinal tracl. In the thirly-one cases it 
was found in Bfty-six different regions. 

In twelve cases it was obtained From one. region of Ihe bowel alone, from 
the stomach in five cases, from the duodenum in three cases, from the cfflcum 
in three and from the rectum in one case. It was found in combination in two 
regions in fifteen cases; in stomach and duodenum four limes, in sinmach 
and cscum four times, in stomacb and rectum twice, in duodenum and caecum 

Three times it was seen in three difTerent portions of the intestinal tract, 
stomach, duodenum and csecura, once; stomach, Cfficum and rectum, once; 
and in the duodenum, cfecum and rectum, once. It was obtained from all four 
regions of the intestines examined in one case, stomacb, duodenum, ciBCum 



The Bacierium aerogenes thus 
tinal contents, being mosl frequer 
being carried down to ihe cmcurr 



wide disi 



ibutii 



in the 



24, BACTERIUM DUODENALE, Ford, 1903 (n. sp.) 



sidestbel 



aincultu 



il features to Barteri; 
lent Saccharose, is 



sugars 



micro-organism corresponding in 
but differing in regard to its inammy lo 
inbabitant of the intestines. To this orgai 

may be given, indicating its more frequent babital, Ihe duodenu 
In morphology, lack of motility, no n -liquefaction and rea 
I" fermentation tube, it agrees with Baeterium aerogenes. 

i isolated from twenty-eight different cases and 

■ difflsrent regions. It was found in one region alone in elghti 

Stomach in five, in the duodenum in three, in Ihe cfficum in six and in ihe red 

slomach and duodenum once ; in stomach and rectum once 

nd rectum twice. In five cases it was seen in three regl 

I Momach, duodenum and ccecum three times, and stomach, duodeum and rec 

s found in stomach, duodenum, ciecum and rectum, 



with the 
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The Bacierium duodenaU 
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r Bacterium aerogenes it prefers, hi 
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thus 
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Intestinal Bacta-ia. 



25. BACILLUS GASTRICUS. Ford, 1902 (n. sp.) 



Ford, W. W., 1901, Claa 

First obtained from \Y 
Morphology: Small bacilli me 



ring o,s by 2-3.0 



Spans : Not formed. 

Agar Slant : Glistening while or yellowisl 



nal Bacteria. Journal of Medical 

s by Ford. 

3.0 microns, appearing as single 

e portion of the field lo 

nt growth, usually limited 
iperficial colonies thick. 



Agar Colonies: Deep colonies round and reguli 

opaque, non-spreading. 
Broth : Turbidity, no scum. 
Gelatine Stab : Rapid and complete liquefaction from surface downward, the fluid 

gelatine forming a thick layer above the solid within 14 hours. 
Gelatine Colonies : Deep 

Potato: Luxuriant brownish or brownish-red growth. 

Fernicntatioii Tttbe : Dextrose Broth : Abundant growth in open bulb with the 
production of turbidity and a heavy sediment. Keaetion acid in bulb. Growth 
in closed arm with the evolution a\ gos and an acid reaction. 

Saccharose and lactose also fermented with the production of acidity and gas^ 

Stood Serum : Abundant dark-yellow or greenish-brown growth. No ligiiefactioa. 

Nitrates : Reduced to nitrites, 

Indo!: Usually produced. 

Fa-cal Odour : Usually produced. 

1 of a 

urrence and Distribnlioii : Found in seven dltfereot cases, from which it \ 
isolated twice from the stomach, twice from the cecum, twice from the rect 
and once from the stomach, crecum and rectum together. 



26, BACILLUS SUB6ASTBICUS, Ford. 1902 (n. sp.) 

Literature : 

Ford. W. W., igoi, Classification of Intestinal Bacteria. Journal of M 
Research, vol. j, p. zii. 
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obtained from the stomach and duodenum in one 



ind from the duodenum 



A 



Acid Producers: Liquefaciens Group. 



27, BACTERIUM LIQUEFACIENS (Eisenberg:, 1892) Ford. 1902. 

Literature and Synonyiti \ 

BacUltis liquefaciens. 

Eisenberg, iSgi, Bakt. Diagnoslik, p, [j. 

Originally obtained by Eisenberg from Iteces, lalerfrom water. 
Morphology -. Broad tliick bacteria, measuring 0.75 by 2.0 in dimensions. 
Motility' : Non-motile. 
Spores : Not formed. 
Agar Slant : White glistening abundant growth, thick and heaped up along line o 

inoculation, but not spreading or sloping. 
Agar Colonies : Deep colonies, round and legular ; superficial colonies, large, round 

opaque, circumscribed, varying greatly in size. 



Broth : Turbidity, no scum. 

Gelatine Stab : Slow growth along line of inoculation ; cone-like lii 

ing on the 5th or 6lh day and progressing slowly ; no surface 
Gelatine Colonies : Deep colonies, round and regular ; superficial 

spreading, greyish, looking like broken glass when thickly sewn. 
Potato : Luxuriant dirty-brown growth. 
Fermentation Tube; Dextrose Broth : Abundant |rrowth in bulb with turbidity 

sediment. Reattionm bulb nfirf. Growth in closed arm with the evolatio 

gas and the production ol an add reaition. 

Saecharose and Lactose also fermented to add and gas. 
Blood Serum : Abundant yellowish growth. No liquefaction. 
Nitrates -. Reduced to nitrites. 
Indol: Abundant. 
FiEcal Odour ; Frequently present. 
Litmus Milk: Acidification and coagulation of the milk within 48 hours. No fie, 

jsnUjon of the casein. 
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28, BACTERIUM SUBLIQUEFACIENS, Ford, 1902 (n.sp.) 



Organisms agreeing in thei 
failing to ferment Saccharose, an 
are the typical form. To ther 
given. They were met with in 



1 cultural features with the preceding, but 
e frequently present in the intestines than 
name Bacterium subliguefaciens may bo 
cases, once in the duodenum, once in the 
e stomach and rectum. 
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Intestinal Bacteria. 



' 29. BACILLUS CLOACA, Jordan, 1890. 

Literature : 

Jordan, 1890, Report of the State Board of Health of Massachusetts, Part 11, 

p. 836. 

Migula, 1900, System der Bakterien^ p. 722. 

Chester, 1901^ Manual of Determinative Bacteriolog'y, p. 232. 

First obtained by Jordan from sewage. 

Morphology : Short thin bacilli, measuring" 0.5 - i.o by i — 2.0 microns. 

Motility : Actively motile. 

Spores : Not formed. 

Agar Slant : Porcelain-white glistening growth, spreading over the surface of 
the agar. 

Agar Colonies '. Deep colonies, round and regular ; surface colonies thick, opaque, 
round, or with opaque white centres with thin outlying periphery. 

Broth : Turbidity and frequently a thin scum. 

Gelatine Stab ; Complete, usually rapid liquefaction, fluid gelatine lying above the 
solid medium. In certain cultures the liquefaction is very slow. 

Gelatine Colonies : Deep colonies, round, regular, yellowish ; superficial colonies, 
thin, bluish, translucent. 

Potato : Luxuriant dull-white or yellowish-white growth. 

Fertnentation Tube : Dextrose Broth : Sediment and turbidity in bulb ; reaction acid. 
Abundant growth in closed arm. Evolution of gas and an aa'd reaction. 

Saccharose and Lactose alike fermented to acid and gas. 

Blood Sertim I Abundant growth, liquefaction slow, but complete after 10 to 12 
days. 

Nitrates : Reduced to nitrites. 

Indolx Usually produced. 

Fcecal Odour : Usually present. 

Litmus Milk : Slow development of acidity and eventual coagulation of the milk. 
Gradual peptonization of the casein. 

Occurrence and Distribution : Found in nine different cases from which it was 
isolated, four times from the stomach, once from the duodenum, twice from the 
csBcum, once from the stomach and caecum together, and once from the caecum 
and rectum together. 



30, BACILLUS SUBCLOACA. Ford, 1902 (n. sp.) 

Organisms corresponding to Bacillus cloacce in all respects except in 
their fermentation of Saccharose may conveniently be grouped together under 
the name Bacillus subcloacce. They were isolated from the intestinal contents in 
fiye cases, from stomach, duodenum, caecum and rectum separately once, and 
from the duodenum, csecum and rectum together once. 
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Acid Producers : Jordan (Cloacee) Group. 6i 



31, BACILLUS ILIACUS. Ford, 1903 (n. sp.) 

Literature : 

Ford, W. W., iQOi, Classification of Intestinal Bacteria. Journal of Medical 
Research, vol. i, p. 211. 

Morphology I Very large bacilli measuring' 0.75 by 3-4.0 microns, appearing 
invariably as single elements. 

Motility : Actively motile, the bacilli shooting rapidly from one portion of the field 
to another. 

Spores : Not formed. 

Agar Slant : White glistening growth spreading over the whole surface of the agar. 

Agar Colonies : Deep colonies, round and regular ; superficial colonies opaque 
spreading rapidly over the surface, with thick opaque centres and thin 
translucent margins. 

Broth : Turbidity and thick scum. 

Gelatine Stab : Rapid growth along line of inoculation with complete liquefaction of 
the gelatine from the surface downward. 

Gelatine Colonies : Deep colonies regular, slightly brown ; superficial colonies 
large, translucent and spreading. 

Potato : Abundant yellowish-brown growth. 

Fermentation Tube : Dextrose Broth : Rapid growth in bulb with the production of 
a scum and turbidity. Reaction acid. Growth in closed arm with the evolution 
of gas and the formation of acid. 

Saccharose aAso fermented with the production of gas and acidity. 

Lactose not broken up to either acid or acid and gas. 

Blood Serum : Abundant dull-brown growth with a rapid and complete liquefaction. 

Nitrates : Reduced to nitrites . 

Indoli Not produced. 

Fcecal Odour : Not produced 

Litm,us Milk : Rapid acidification and coagulation with an Qs^vXy peptonization of the 
casein and a reduction of the litmus. 

Occurrenre and Distribution : Found in the duodenum of one case and the caecum of 
another. A large number of different cultures at first giving anomalous 
reactions later proved to be identical. 
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62 Intestinal Bacteria. 



82, BACILLUS CHYLOGENES, Ford, 1908 (n. sp.) 

Literature : 

Ford, W. W., 1 901, Classification of Intestinal Bacteria, Journal of Medical 
Research, vol. i, p. 211. 

First obtained from intestinal contents by Ford. 

Morphology : Small, fine bacilli, measuring^ about 0.5 by i.o microns, appearing- as 
diplo-bacilli which, when stained, look like diplo-cocci. 

Motility : Actively motile. 

Spores : Not formed. 

Agar Slant : Pale, almost transparent film, almost invisible even after the lapse of 
48 hours. 

Agar Colonies : Deep colonies, very fine pale brown ; superficial colonies, oblong- or 
nail-shaped, very small, pale brown in color ; growth very slow. 

Broth : Marked turbidity after 48 to 72 hours. No scum* 

Gelatine Stab : Slow growth along line of inoculation, with beginning liquefaction^ 
which is completed only after 6-8 days. 

Gelatine Colonies : Small, round, regular, non-characteristic, deep and superficial 
colonies. 

Potato : Growth varies from a scanty white to a pale yellow brown appearing 
after 48 hours. 

Fermentation Tube ; Dextrose Broth : Turbidity in bulb with a scanty sediment. 
/Reaction acid in bulb. Slow growth in closed arm. Reaction in ami acid. No gas. 

Saccharose and Lactose not fermented to acid alone nor to acid and gas. 

Blood Serum : Abundant pale white growth developing very slowly, but not pro- 
ducing any liquefaction. 

Nitrates : No reduction to nitrites. 

Indol : Not produced. 

Feecal Odour : Not produced. 

Litmus Milk : Within 48 hours production of a slight acidity which constantly 
increases till the milk is coagulated, and a pink color is eventually produced. 
No peptonization of casein. 

Occurrence and Distribution : Found in one case where it was isolated in two pure 
cultures from the stomach. 
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83, BACTERIUM CHYMOGENES, Ford, 1908 (n. sp.) 

Literature i 

Ford, W. W., 1901, Classification of Intestinal Bacteria, Journal of Medical 
Research, vol. i, p. 211. 

First obtained by Ford from intestinal contents. 

Morphology : Bacteria measuring^ 0.5 by 2.0 microns in dimensions. 

Motility : Non-motile. 

Spores : Not formed. 

Agar Slant : Abundant white glistening growth, heaped up above line of inoculation. 

Agar Colonies : Deep colonies, round and regtilar ; surface colonies^ large, opaque 
round, circumscribed, varying greatly in size. 

Broth : Turbidity, no scum. 

Gelatine Stab : Slow growth along line of inoculation ; slow liquefaction complete 
after 7-8 days. 

Gelatine Colonies : Deep colonies, round regular ; superficial colonies, larget regular, 
refractile, non-characteristic. 

Pototo : Luxuriant dirty brown growth. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. 

Reaction in bulb acid^ Growth in closed arm with the production of acidity^ but 
no gas. 

Saccharose and Lactose not fermented, to either acid or acid and gas. 

Blood Serum : Abundant growth, yellowish- white. No liqtiefaction. 

Nitrates : Not reduced to nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : Acidification and coagulation within 48 hours. No digestion of the 
casein. 

Occurrence and Distribution : Found in two cases, from one of which it was isolated 
from the duodenum, and from the other from the duodenum and rectum. 
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34, BACILLUS LEPORIS, Migula, 1900. 

Literature and Synonyms : 
Bacillus leporis lethalis, 

Sternberg, 1890, Textbook of Bacteriology, p. 478. 

Bacillus leporis (Sternberg) Migula. 

Migula, 1900, System der Bakterien, p. 651. 
Bacillus leporis (Sternberg). 

Chester, iqoi, Manual of Determinative Bacteriology, p. 243. 

Isolated first by Gibier and later by Sternberg from the contents of the 
intestine in yellow fever. 

Morphology : Very long, thin bacilli measuring 0.5 by 4-6.0 microns, always made 
up of long single elements and never appearing in chains. 

Motility : Bacilli are very actively motile, shooting rapidly from one portion of the 
field to another with the velocity of a culture of Ps. aeruginosa {B. pyocyaneus). 

Spores : Not formed. 

Agar Slant : Abundant white glistening growth in young cultures, but rapidly 
drying and turning brown in old cultures. 

Agar Colonies ; Deep colonies round and uniform ; surface colonies round, slightly 
spreading, with serrated edges, greyish in color. 

Broth : Turbidity. No scum. 

Gelatine Stab : Abundant growth, rapid and complete liquefaction, beginning at 
the surface and proceeding downwards. 

Gelatine Colonies : Deep colonies, round, translucent, light-yellow ; surface colonies 
transparent, spreading, with broken-glass appearance. 

Potato : Luxuriant yellowish-brown growth within 3-4 days. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. Acid 
reaction. Growth in closed arm with the production of an acid reaction but no gas ^ 

Saccharose and Lactose alike fermented to acid but no gas. 

Blood Serum. Abundant growth in 24 hours. Rapid and complete liquefaction of 
the blood serum. 

Nitrates : Reduced to nitrites. 

Indol : Usually produced. 

Fcecal Odor : Rarely produced. 

Litmus Milk : Rapid acidification and coagulation of the milk. No peptonization of 
the casein or reduction of the litmus. 

Occurrence and Distribution : 

Found in one case in which it was isolated from the rectum. 
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85. BACILLUS DUBIUS. Kruse, 1896. 

Literature : 

Bleisch, 1893, Zeitschrift fur Hygiene, vol. 13, p. 31. 

Flugge, 1896, Die Mikroorganismen. 

Chester, 1901, Manual of Determinative Bacteriology, p. 237. 

First isolated from fseces by Bleisch. 

Morpholoqy : Short, thin bacilli measuring 0.75 by 2.0 microns, sometimes appear 
ing in pairs. 

Motility \ Actively motile. 

Spores : Not formed. 

Agar Slant \ Abundant glistening^ yellowish growth, turning brown in old cultures. 

Agar Colonies : Deep colonies, round, regular, opaque ; superficial colonies 
greyish, spreading over surface, corrugated or skein-like in appearance. 

Broth : Turbid. No scum. 

Gelatine Stab : Abundant growth along line of inoculation. Rapid and complete 
liquefaction, usually within three days. 

Gelatine Colonies : Deep colonies round and regrilar ; superficial colonies fine, 
irregular, slightly spreading, greyish brown. 

Potato : Abundant yellowish-brown glistening mass. 

Fermentation Tube : Dextrose Broth : Abundant growth in bulb with a heavy 
sediment. Reaction in bulb acid. Abundant growth in closed arm with an 
acid reaction but no gas. 

Saccharose and Lactose not fermented to acid or gas. 

Blood Serum : Yellowish growth and a slow but complete liquefaction. 
Nitrates : Reduced to nitrites. 
Indol : Produced in small quantities. 
Fcecal Odour : Produced in small amount. 

Litmus Milk : Acidification and coagulation within 48 hours. Slow and complete 
peptonization of the casein with a 1 eduction of the litmus. 

Occurrence and Distribution : Isolated from the csecum of one case from which it 
was obtained in three pure cultures. 
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36, BACILLUS JEJUNALIS, Ford, 1902 (n. sp.) 

Literature : 

Ford, W. W., 1901, Classification of Intestinal Bacteria, Journal of Medical 
Research, vol. i, p. 211. 

First isolated from intestinal contents by Ford. 

Morphology : Short bacilli measuring^ 0.5 by 2.0 microns, appearing^ as sing-le 
elements or as long chains. 

Motility : Actively motile. 

Spores : Not formed. 

Agar Slant : Abundant thick white g^rowth within 48 hours. 

Agar Colonies : Deep colonies, round regular, dark brown ; superficial colonies, 
may be largfe, translucent, pale blue, or spreading^, with opaque centres and 
filmy transparent margfins, assuming- star shapes or bizarre shapes. 

Broth : Turbidity but no scum. 

Gelatine Stab : Abundant gfrowth. Rapid and complete liquefaction. 

Gelatine Colonies : Deep colonies, fine, brown, regular ; superficial colonies are 
larg-e, irregular, slightly spreading, dark brown in color. 

Potato : Luxuriant glistening white growth. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. 

Reaction in bulb acid. Abundant growth in closed arm with the production of 
acidity but no gas. 

Saccharose and Lactose not fermented to acid or gas. 

Blood Serum : Slow white growth, becoming very luxuriant after 8-10 days, and 
causing a complete liquefaction of the medium. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odour : Not produced. 

Litmus Milk : Acidification and coagulation within 48 hours. Slow peptonization 
of the casein but no reduction of the litmus. 

Occurrence and Distribution : Found in one case from which' it was obtained in 
several cultures from the stomach. 
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37, PSEUDOHONAS AERUGINOSA (Schroter, 1872), Migula, 1900. 

Literature and Synonyms : 

Bacterium aeruginosum. 

Schroter, 1872, Ueber einige durch Bakterien g-ebildete Pigmente, Conn s 
Beitrag-e zur Biologic, Bd. 1, p. 126. 

Bacillus aeruginosus, Schroter, 1872s 

Schroter, 1886, Kryptog. Flora von Schlesien, Bd. 3, p. 157. 
Bacillus pyocyaneus. 

Gessard, 1882, De la pyocyanine et de son microbe, Th^se de Paris. 
Pseudomonas pyocyanea. 

Migula, 1896, Die Natiirlichen Pflanzenfam. 

Pseudomonas pyocyanea (Gessard) Migula. 

Chester, 1901, Manual of Determinative Bacteriology, p. 321. 

Migula, 1896, System der Bakterien, p. 884. 

First accurately described by Gessard in 1882. Found frequently on the 
surface of the body, in the mouth, intestines, and in many pathological 
conditions. 

Morphology : Fine bacilli measuring 0.5 by 2.0 microns, appearing as single elements, 
pairs and short chains. 

Motility : Actively motile, bacilli shooting rapidly from^one portion of the field to 
another. 

Spores : Not formed. 

Agar Slant : Abundant glistening white growth within 24 hours, rapidly producing a 
bright green pigment which is imparted to the medium. The growth itself 
rapidly turns dark brown. 

Agar Colonies : Deep colonies, round and regular, yellowish ; superficial colonies 
large, spreading with darker centres and translucent edges, assuming various 
bizarre formations and producing a green color in the surrounding agar. 

Broth : Great turbidity and heavy tenacious scum rapidly formed. Bright green 
fluorescence produced. 

Gelatine Stab : Abundant growth along line of inoculation and on the surface. Rapid 
liquefaction of the gelatine which assumes a bright green color. 

Gelatine Colonies : Deep colonies round and regular, yellowish ; superficial colonies, 
yellowish or greenish yellow, fringed, irregular, producing a skein4ike formation. 

Potato : Luxuriant dirty brown growth, the potato assuming a greenish color. 

Fermentation Tube : Dextrose Broth : Abundant turbidity with the formation of a thick 
scum. Reaction of bulb alkaline. No growth in closed arm. Dextrose broth 
assumes a bright green color. 

Saccharose and Lactose also show a heavy scum and assume a bright green 
color. 

Blood Serum : Rapid growth, the serum turning bright green and rapidly being 
liquefied. 

Nitrates : Not reduced to nitrites, 

Indol : Not produced. 

Fcecal Odour : Not produced, in its place a characteristic odour of trimethylamin. 
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68 Intestinal Bacteria. 

Litmus Milk : Reaction of Litmus unchang^ed ; no acid production, no alkali produc- 
tion, no coagulation. Rapid digfestion of the casein and reduction of the litmus. 

Fluorescence and Chromogenesis : Greenish. 

Occurrence and Distribution : Frequently present in the intestinal contents. Found 
in nine cases, being isolated from one portion of the intestines alone in five cases, 
four times from the rectum and once from the cscum. In one case found in the 
duodenum and rectum. In three cases it was isolated from every portion of the 
intestines, appearing simultaneously in stomach, duodenum, caecum and rectum. 



38, PSEUDOMONAS OVALIS (Ravenel, 1896). Chester, 1901. 

Literature and Synonym : 

Bacillus fluorescens — ovalis. 

Ravenel, 1896, Memoirs National Academy of Sciences, No. 9. 

Pseudomonas ovalis. 
Chester, 1901, Manual of Determinative Bacteriology, p. 325. 

First obtained from the soil by Ravenel. 

Morphology : Very fine bacilli measuring 0.5 by 2.0 microns, appearing usually as 
single elements. 

Motility : Actively motile. Bacilli shoot rapidly from one portion of the field to 
another. 

Spores : Not formed. 

Agar Slant : Thick, white abundant growth. No pigment production. Green fluor- 
escence produced only in 6-8 days. 

Agar Colonies : Deep colonies fine, colorless ; superficial colonies round, regular, 
circumscribed, opaque, gradually producing a greenish fluorescence. 

Broth : Scum and turbidity. 

Potato : Luxuriant dirty brown growth. 

Fermentation Tube : Dextrose Broth : Turbidity in bulb. Scum on surface of broth. 
Reaction in bulb alkaline. No growth in closed arm. Abundant green fluorescence. 

Saccharose and Lactose show a green fluorescence, scum] on surface but no 
fermentation. 

Gelatine Stab : Abundant growth along line of puncture. A o liquefaction. 

Gelatine Colonies : Deep colonies, fine, regular, colorless ; superficial colonies irregu- 
lar, with faint prolongations, which give a granular appearance like broken glass. 

Blood Serum : Abundant growth without liquefaction. 

Nitrates : Reduced to Nitrites. 

Indol : Not produced. 

Fcecal Odour : Not produced. 

Litmus Milk : No preliminary acidity. Alkali production immediate. No coagula- 
tion of the milk. No digestion of the casein. No reduction of the litmus. 

Fluorescence : Green in all fluid cultures and in old agar tubes. No chromogenesis. 

Occurrence and Distribution : Found in the caecum of one case. 
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39, BACTBRIUn HAVANIENSE (Sternberg:, 1892), Chester, 1901. 

Literature and Synonym : 

Bacillus Havaniensis. 

Sternberg, 1892, Manual of Bacteriolog-y, p. 718. - 

(Not Bacillus Havaniensis of Mig-ula, 1900.) 

Bacterium Havaniense (Sternberg-,) 

Chester, 1901, Manual of Determinative Bacteriology, p. 178. 

First isolated by Sternberg from the intestinal contents of yellow fever 
cadavers. 

Morphology, Short fine bacteria measuring 0.5 by 0.75 microns, in stained prepara- 
tions looking like micrococci or diplococci. In unstained preparations seen to 
be true bacteria. 

Motility : Non-motile. 

« 

Spores : Not formed. 

Agar Slant : Bacteria grow rapidly on agar, forming a dull, thick, white growth. 
Occasionally a carmine red growth is produced at the temperature of the body 
within 24 hours, but usually the pigment production is delayed for 48 to 72 
hours. Pigment is formed at the edge of the growth which after 6-.8 days is 
completely colored. Cultures fre>hly isolated from the intestine show a much 
more rapid pigment production. Growth never tenacious. No fluorescence. 

Agar Colonies', Deep colonies round and regular, colorless; superficial colonies 
may be white, opaque or carmine red, with other colonies showing gradations 
between the two. The colonies are usually white with reddish margins. In 
the same plate all the varieties of colonies may be seen. After the lapse of 48 
or 72 hours the colonies all become carmine red. 

Broth : Turbidity and heavy scum. No fluorescence. 

Gelatine Stab; Rapid growth and complete liquefaction. Gelatine turned a 
brilliant red. 

Gelatine Colonies ; Characteristic appearance. Gelatine is liquefied within 24 hours 
and assumes a bright red color. Floating about in the liquefied gelatine are 
numerous small colonies with dark red centres and lighter peripheries. No 
odor from gelatine plate. 

Potato : Luxuriant growth, at first white but rapidly becoming a dark red. 

Fermentation Tube : Dextrose Broth : Heavy scum and great turbidity. 

Reaction acid. Growth in closed arm. Acid reaction. No gas. 

Saccharose fermented to acid and gas. 

Lactose not fermented to acid or gas. 

Blood Serum : Abundant carmine red growth. No liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fiscal Odor : Not produced. 

Litmus Milk : Reaction of milk remains unchanged. No demonstrable production 
of acid or alkali. Coagulation of the milk with digestion of the casein and 
reduction of the litmus. 

Occurrence and Distribution : Found in one case in which it was isolated from the 
rectum. 
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40. BACTERIUM LUTfiSCENS, Hlgttla. 1900. 

Literature and Synonym. : 
Der Gelbe Bacillus ^ 

Mig^ula, 1900, System der Bakterien, p. 476. 

Lustig, 1893, Diagnostik der Bakterien des Wassers, p. 78. 

First isolated by Lustig- from water, 

r 

Morphology : Short bacteria measuring 0.5 by 0.75 microns, appearing like cocci and 
diplococci in stained preparations. 

Motility : Non-motile. 

Agar Slant : Growth slow. Pale yellow at first, later turning to a golden yellow. 
No fluorescence. 

Agar Colonies : Deep colonies round, regular and pale yellow : superficial colonies 
circumscribed, white colonies later becoming golden yellow. 

Broth : Turbidity. No scum. No fluorescence. 

Gelatine Stab : Slow growth. Gradual complete liquefaction. 

Gelatine Colonies : Deep colonies round, circumscribed : superficial colonies fine, 
round, with slight peripheral extensions, gradually becoming golden yellow. 

Potato : Luxuriant golden yellow growth. 

Fef mentation Tube: Dextrose Broth; Turbidity and sediment in bulb. Reaction 
alkaline. No growth in closed arm. 

Saccharose and Lactose also not fermented. 

Blood Serum : Abundant yellowish growth ; no liquefaction. 

Nitrates : Reduced to Nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : No preliminary acidity. Alkali production immediate. No coagula- 
tion of the milk. No digestion of the casein. 

Chromogenesisy yellow. No fluorescence. 

Occurrence and Distribution : Found in one case from which it was isolated from the 
stomach. 
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41 » BACTERIUM ANTHRACOIDES. (Hueppe and Wood, 1889), 

Higula, 1900. 

Literature and Synonym : 

Bacillus anthracoideSy 
Hueppe and Wood, 1889, Berliner Klin. Wochen. No. 16. 

Bacterium anthracoides, 
Mig^ula, 1900, System der Bakterien^ p. 281. 

Bacillus anthracoides (Kruse), 
Chester, 1901, Manual of Determinative Bacteriology, p. 191. 
First isolated by Hueppe and Wood from soil and water. 

Morphology, Long^ thick heavy bacteria appearing^ as sing-le elements or in long: 
chains, measuring 1.5 by 2 - 4.0 microns. The individual bacteria show 
granules at either end which when stained form bipolar bodies. 

Spores : Formed rapidly in all media. 

Motility. Non-motile. ^ 

Agar Slant: Dull white, non-glistening growth, drying rapidly along upper 
portions of the agar, and becoming thickly wrinkled after 6-8 days. 

Agar Colonies'. Deep colonies small, round, regular and opaque; superficial 
colonies spread over the surface of the agar, assuming diverse shapes and 
coalescing, forming a dense felt-work which appears grey to the naked eye. 

Broth : Turbidity and wrinkled scum after 48 hours. 

Gelatine Stab : Rapid and complete liquefaction. 

Gelatine Colonies : Deep colonies round and regular ; superficial colonies opaque, 
grey, spreading irregular, forming a skein-like network. Plate rapidly 
liquefied. 

Potato : Abundant greyish-white, or rarely, reddish-white, growth, never becoming 
wrinkled. 

Fermentation Tube : Dextrose Broth : Turbidity in bulb. Wringled scum. Reaction 
in bulb alkaline. No growth in closed arm. Saccharose and Lactose also not 
fermented by this organism. 

Blood Serum : Abundant white or reddish-white growth. No liquefaction. 

Nitrates : Reduced to nitrites. 

Indoli Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : Acidification and coagulation within 48 hours followed by rapid diges- 
tion of the casein and reduction of the litmus. 

Occurrence and Distribution : Found in nine cases ; four times in the stomach, once 
in the csecum and twice in the rectum ; found once in stomach, duodenum, 
caecum and rectum together, and once in stomach, duodenum and csecum. 
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42, BACTERIUM IMPLECTANS, Burchard, 1898. 

Literature'. Burchard, 1897, Beitrage zur Morphologic und Entwickelungsgesch- 
icht der Bakterien, Inaugural Dissertation. 

Burchard, 1898, Arbeiten aus dem bakt., Inst. d. Techn. Hochschule zu Kalsruhe, 
Bd. 2, p. 29. 

Migula, 1900, System der Bakterien, p. 284. 

First isolated by Burchard from drinking water. 

Morphology : Bacteria measuring 0.5 - 0.75 by 3 - 4.0 microtis, growing in long chains 
and showing polar granules. 

Motility : Non-motile. 

Spores : Formed rapidly on all media. 

Agar Slant : Dull greyish-white growth wrinkling in old cultures. 

Agar Colonies : Deep colonies round and regular, yellowish ; superficial colonies 
spread over the surface of agar with white opaque centres, and greyish filmy 
irregular margins, often assuming bizarre shapes. 

Broth : Turbidity without scum. 

Gelatine Stab : Rapid and complete liquefaction with the formation of a heavy scum 
on the surface. 

Gelatiiie Colonies : Deep colonies small, round and brownish ; superficial colonies 
spreading, greyish, skein-like, rapidly liquefying the gelatine plate. 

Potato : Luxuriant white growth, rarely becoming yellowish-brown. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. Reaction in 
bulb acid. Growth in closed arm with the production of acid^ but no gas. 

Saccharose and Lactose not fermented. 

Blood Serum ; Abundant white growth, without liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Produced in small quantities. 

Fcecal Odor : Not produced. 

Litmus Milk : Acidity and coagulation within 48 hours with digestion of the casain 
and reduction of the litmus. 

Occurrence and Distribution : Found in six cases ; twice in the stomach, once in the 
rectum, once in the duodenum and csecum, and twice in the stomach, duodenum, 
caecum and rectum alike. 
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43, BACILLUS CEREUS, Frankland, 1887. 

Literature: Grace & Percy Frankland, 1887^ Studiesfon some new Microorganisms 
obtained from Air. Philosophical Trans, of the Royal Society of London, Vol. 
178 B., p. 279. 

Migfula, 1900, System der Bakterien, p. 537. 

* Chester, 1901, Manual of Determinative Bacteriology, p. 278. 

First isolated from the air by the Franklands. 

Morphology : Long- thick bacilli, measuring 0.75 by 2-4.0 microns in dimensions,not 
showing polar staining. Frequently grows in long chains. 

Motility : Actively motile. 

Spores : Formed rapidly on all media. 

Agar Slant : Abundant growth, at first white and glistening, later becoming a dirty 
brown. Not dull or wrinkled. 

Agar Colonies : Deep colonies round, regular and greyish ; superficial colonies 
spread over the surface of the agar, showing dark centres and outlying grey 
peripheries, and assuming diverse bizarre shapes. 

Broth : Turbidity and scum. 

Gelatine Stab : Abundant growth. Rapid and complete liquefaction. 

Gelatine Colonies ; Deep colonies small, round and regular ; superficial colonies 
have dark centres and spreading peripheries made up of long, thin threads. 

Potato : Faint, scanty white growth. 

Fermentation Tube : Dextrose Broth : Turbidity and heavy scum in bulb. 

Reaction alkaline. No growth in closed arm. 

Saccharose and Lactose not fermented. Abundant scum on all sugar media. 
Blood Serum]: Abundant white, moist growth without liquefaction. 
Nitrates: Not reduced to nitrites. 
Indol : Not produced. 
Fcecal Odor : Not produced. 
"Litmus Milk : No preliminary acidity. Alkaline reaction. No coagulation. 

Digestion of the casein and reduction of the litmus. 

Occurrence and Distribution : Isolated in two cases ; once from the duodenum and 
once from the csecum. 
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44, BACILLUS HYCOIDES. Flufirsre, 1886. 

Literature : 

Flugge, 1 886, Mikroorganismen, 2 Aufl. 

Migula, 1900, System der Bakterien, p. 538. 

Isolated from water and soil by Fliigge. 

Morpholosryi Bacilli measuring i-i^ ^y 3~4 microns in dimensions, occurring 
in pairs and chains. 

Motility : Actively motile. 

Spores : Formed rapidly on all media. 

Agar Slant : Growth along line of inoculation dull, wrinkled and tenacious, with 
difficulty raised from the surface of the agar, into which it sinks for a 
considerable depth. 

Agar Colonies : Deep colonies round, regular and opaque ; superficial colonies 
spread over the surface of the agar assuming diverse sizes and shapes, but 
gradually fusing and forming a thick network. 

Broth : Turbidity and wrinkled scum. 

Gelatine Stab : Rapid and complete liquefaction with a heavy scum on the surface. 

Gelatine Colonies : Deep colonies round, regular and opaque ; superficial colonies 
bluish-grey with light opaque centres and dark spreading peripheries. As 
colonies become older they coalesce forming a skein-like mycelium. 

Potato : Thick white abundant growth. 

Fermentation Tube : Dextrose Broth : Turbidity in bulb with a heavy scum on the 
surface. Reaction acid. Growth in closed arm with the production of acid 
but no gas. 

Saccharose and Lactose not fermented. 

Blood Serum : Abundant white growth. No liquefaction. 

Nitrates : Reduced to nitrites. Heavy scum on nitrate broth. 

Indol : Not produced. 

Faecal Odor : Not produced. 

Litmus Milk : Preliminary acidity followed by an alkaline reaction. No coagula- 
tion. Digestion of the casein and reduction of the litmus. 

Occurrence and Distribution : Isolated from two cases ; from one from the stomach* 
and from one from the caecum. 
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45, BACTERIUM LACTICOLA. Hismla. 1900. 

Ltterature and Synonym : 

Fliig^gfe, 1894, Die Aufg^ben und Leistungfen der Milcfasteriliserung- g^eg-eniiber 
die Darmbakterien des Saug'ling^, Zeitschr. f. Hygiene, Bd. 17, p. 294. 

Bacillus lactiSf No, V. 
Kruse, 1896. Fliigge, Microorganismen, 3 Aufl. Bd. 2, p. 28. 
Migula, 1900, System der Bakterien, p. 305. 

First obtained by Fliigge from milk. 

Morphology : Long thin bacteria measuring i.o by 3 - 5.0 microns, occurring in 
short chains and showing polar staining. 

Motility : Non-motile. 

Spores : Formed quickly on all media. 

Agar Slant : Dull wrinkled growth in young cultures, rapidly spreading over whole 
surface of the agar. 

Agar Colonies : Deep colonies regular and opaque ; superficial colonies spread over 
the surface of the agar assuming diverse shapes and producing a grejrish 
coloration. 

Broth : Turbidity and a wrinkled scum. 

Gelatine Stab : Rapid and complete liquefaction. 

Gekitine Colonies : Greyish-brown colonies with many spreading processes produc- 
ing a rapid liquefaction of gelatine. 

Potato : Abundant creamy-white or reddish-white growth. 

Fermentation Tube : Dextrose Broth : Turbidity in bulb with a wrinkled scum. 
Reaction in bulb alkaline. No growth in closed arm. 

Saccharose and Lactose not fermented. 

Blood Serum : Abundant white growth. Raffid and complete liquefaction. 

Nitrates : Reduced to nitrites. 

Indoli Not produced. 

F<Bcal Odor : Not produced. 

Litmus Milk : Acidification and coagulation. Peptonization of the casein and 
reduction of the litmus. 

Occurrence and Distribution : Found in one case, from which it was isolated from 
stomach, caecum and rectum. 



559 



76 Intestinal Bacteria. 



46, BACTERIUM VERMICULARE (Frankland, 1889), Higula, 1900. 

Literature and Synonym : 

Bacillus vermicularis^ 
FranKland, Grace and Percy, 1889. Ueber einige typische Microorg-anistnen 

in Wasser und Boden, Zeitschr, f. Hygiene, vol. 6, p. 384. 
Migula, 1900, System der Bakterien, p. 302. 

Bacterium vermiculare (Frankland, 1889). 
Chester. 1901, Manual of Determinative Bacteriology, p. 193, 
Obtained from air by Frankland. 

Morphology : Bacteria very long and thin, measuring 0.5 by 6 - 8.0 microns, often 
growing in long chains. 

Motility : Non-motile. 

Spores: Formed rapidly on the usual media. 

Agar Slant', Greyish-white and glistening dull growth, never becoming wrinkled. 

Agar Colonies : Deep colonies, round, regular, opaque ; superficial colonies greyish, 
spreading, various shapes and sizes. 

Broth : Turbidity, no scum. 

Gelatine Stab '. Rapid and complete liquefaction. 

Gelatine Colonies : Grey, spreading irregular colonies forming a feltwork on the 
surface. 

Potato : Luxuriant reddish or flesh-colored growth. 

Fermentation Tube : Dextrose Broth : Turbiditv and sediment in bulb. Reaction in 
bulb acid. Growth in closed arm with the production of gas. 

Saccharose and Lactose not fermented. 

Blood Serum \ Abundant reddish growth, causing a complete liquefaction of the 
blood serum. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : Rapid acidification and coagulation of the milk, peptonization of the 
casein and reduction of the litmus. With some cultures the amount of acidity 
is not great, the milk turning red, later to a deep purple after which coagulation 
sets in. 

Occurrence and Distribution : Found in one case from which It was isolated from the 
stomach. 
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47, BACILLUS VUL6ATUS, Trevisan, 1899. 

Literature and Synonym : 

Bacillus mesentericus vulgatu^» 

Fliig-g-e, 1886, Microorg-anismen, 2 Aufl. 

Eisenberg, 189 1, Bakteriol. Diagnostik, 3 Aufl. 

Bacillus vuJgatus, 
Trevisan, 1889, Geneva, p. 19. 

Bacillus vulgatus (Fliigge) Mig. 
Migula, 1900, System der Bakterien, p. 556. 

Bacillus vulgatust Trevisan. 
Chester, 1901, Manual of Determinative Bacteriology, p. 271. 

Potato Bacillus of various authors. 

Morphology : Bacilli measuring 0.5 by 3-4.0 microns, appearing as single elements 
without polar staining. 

Motility : Actively motile. 

Spores : Formed quickly on all media. 

Agar Slant : Abundant, thick, moist growth, in old cultures becoming greyish and 
crumpled. 

Agar Colonies : Deep colonies round and regular ; superficial colonies, greyish, irre- 
gular, forming thick centres and thin irregular prolongations. 

Broth : Turbidity and thick wrinkled scum. 

Gelatine Stab : Rapid liquefaction with the formation of a surface membrane. 

Gelatine Colonies : Deep colonies round and regular ; superficial colonies have white 
opaque centres and outlying prolongations which form a thick skein. 

Potato : Characteristic appearance : Luxuriant heaped-up, pink growth made up of 
long processes, which cover the entire surface of the potato with a corrugated 
mass. 

Fermentation Tube : Dextrose Broth : Turbidity and membrane in bulb. Alkaline 
reaction in bulb. No growth in closed arm. 

Saccharose and Lactose not fermented. 

Blood Serum, : Abundant growth. Complete liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk', No preliminary acidity. Rapid production of alkali. No coagulation. 
Peptonization of the casein and reduction of the litmus. 

Occurrence and Distribution : Isolated from two cases, in one of which it was found 
in the duodenum, and in the other in the stomach and duodenum. 
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48, BACILLUS BREVIS. Migula, 1900. 

Literature and Synonym : 

{Bacillus No. i.) 

Flug'g'ey 1894, Die Aufg-aben und Lelstung'en der Milchsterilistrung'. Zeitschrift 
fur Hygiene, Bd. 17, p. 294. 

Migula, 1900, System der Bakterien, p. 583. 
First obtained by Flligge from milk. 

Morphology : Long thin bacilli measuring 0.5 by 3.0 microns, often appearing in 
long chains. 

Motility : Actively motile. 

Spores : Rapidly formed on the usual media. 

Agar Slant : Abundant soft glistening brown growth covering whole surface and not 
becoming dull or wrinkled. 

Agar Colonies : Deep colonies round and regular ; superficial colonies round, opaque, 
non-spreading. 

Broth : Turbidity without scum. 

Gelatine Stab '. Slow but complete liquefaction. 

Gelatine Colonies : Round irregular brown col( nies often forming a network of fine 

threads. 
Potato : Little or no growth. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. 

Reaction alkaline. No growth in closed arm. 

Saccharose and Lactose not fermented. 

Blood Serum : Abundant growth with complete liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : Slight acidity without coagulation, followed by digestion of the casein 
and reduction of the litmus. 

Occurrence and Distribution : Found in the rectum of one case. 
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49, BACILLUS SUBTILIS. (Ehrenbergr, 1888), Cohn, 1872. 

Literature and Synonym : 

Vibrio suhtilisy 
Ehrenber^, 1838, Infusionsthierschen als volkommene Organ ismen, Leipzig. 

Bacillus subtiliSi 
Cohn, 1872, Beitrage zur Biologic, bd. i, p. 175. 

Bacillus subtilis (Ehrenb.) Cohn. 
Migula, 1900, System der Bakterien, p. 515. 

Bacillus subtilis (Ehrenberg), Cohn. 
Chester, 1901, Manual of Determinative Bacteriology, p. 276. 

First obtained by Ehrenberg from air and water. 

Morphology: Bacilli measuring 0.5 by 4-6.0 microns, without . polar staining, 
appearing rarely in short chains. 

Motility : Actively motile. 

Spores : Formed rapidly, lying in the centres of the bacilli. 

Agar Slant : Glistening, dull white, sticky, matted tenacious growth. 

Agar Colonies : Deep colonies, round and regular ; superficial colonies spread 
slightly, with opaque white centres assuming various bizarre shapes. 

Broth : Turbidity and heavy scnm. 

Gelatine Stab : Abundant growth with a rapid liquefaction and a heavy scum on the 
surface. 

Gelatine Colonies : Charade fistic appearance. Deep colonies round, regular and 
opaque ; superficial colonies spreading with dense black centres and greyish- 
outlying threads. 

Potato : Luxuriant thick greyish or yellowish brown growth, which in old cultures 
forms a corrugated stringy mass covering the whole surface of the potato. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. Reaction in 
bulb acid. Growth in closed arm with the production of an acid reaction but no 
gas. 

Saccharose and Lactose not fermented. 

^/(t>oc?5^r«m : Abundant white growth. Rapid liquefaction. 

Nitrates : Reduced to nitrites. 

Indol : Not produced. 

FcBcal Odor : Not produced. 

Litmus Milk: Rapid acidification aud coagulation of the milk; peptonization of the 
casein and reduction of the litmus. 

Occurrence and Distribution : Found in one case where it was isolated from the 
stomach and duodenum. 
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50. BACILLUS ARACHNOIDEUS. Hisrula, 1900. 

Literature and Synonym : 
(Bacillus No. iii). 
FlUgge, 1894, Die Aufgaben und Leistungen der Milchsterilisierung'. Zeitschr, 
fur Hygiene, Bd, 17, p. 294, 

Migula, 1900, System der Bakterien, p. 583. 

First isolated by Fliigge from milk. 

Morphology : Fine bacilli measuring 0.5 by 2.0 microns. No polar staining, often 
grows in short chains. 

Motility : Actively motile. 

Spores : Formed rapidly on the usual media. 

Agar Slant : Dull wrinkled tenacious growth, sinking deeply beneath the surface of 
the agar. 

Agar Colonies : Deep colonies round and regular ; superficial colonies, greyish, 
spreading, with white opaque centres. 

Broth : Turbidity without scum. 

Gelatine Stab : Rapid liquefaction. 

Gelatine Colonies : Deep colonies, regular, uniform ; superficial colonies slightly 
spreading, greyish with opaque centres, somewhat resembling colonies of 
Bacillus suhtilis* 

Potato : Luxuriant yellowish-brown growth forming huge blebs. 

Fermentation Tube : Dextrose Broth : Turbidity and sediment in bulb. 

Reaction in bulb acid. Abundant growth in closed arm with the production of 
an acid reaction but no gas. 

Saccharose fermented with the production of acidity and a small quantity of 
gas, 

iMctose not fermented. 

Blood Serum : Abundant white growth. Rapid liquefaction. 

Nitrates : Reduced to nitrites, 

Indol : Not produced. 

Fcecal Odor : Not produced. 

Litmus Milk : Acidity and coagulation of the milk within 48 hours. Peptonization 
of the casein and reduction of the litmus. 

Occurrence and Distribution : Isolated from the stomach of one case. 
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Staphylococcus Albus and Staphylococcus Aureus. 

The Staphylococci were isolated in a number of instances 
from the intestinal contents, but their cultural features did 
not differ in any respect from the ordinary varieties of these 
organisms. The Staphylococcus aureus was somewhat more 
numerous than the Staphylococcus albus. The *' aureus '' was 
obtained from ten cases, in six of which it appeared in the 
stomach, in one in the duodenum, and in three in the 
stomach and duodenum together. The ** albus" was obtained 
from seven cases, three times from the stomach, twice from 
the caecum, once from the caecum and rectum, and once from 
the stomach, duodenum and caecum, and from an additional 
culture taken from the mid-duodenum. 

The Staphylococci are thus seen to occupy almost ex- 
clusively the upper portion of the intestinal tract, usually 
appearing in the stomach and rarely being carried down from 
the stomach to the duodenum and caecum. 



Sarcina Lutea. 

Representations of the Sarcina group were observed in 
but one case when a culture of Sarcina lutea was isolated 
from the stomach. 

Moulds. 

Unknown varieties of moulds were seen in one case in 
the duodenum. 



565 



Intestinal Bacteria. 



The DisTRiiiUTioN of Intestinal Bacteria. 

The phenomena of the distribution of the various species 
of intestinal bacteria in the different regions of the aUmentary 
canal may be best explained and understood by a preliminary 
survey of the organisms found in the Stomach, and by a sub- 
sequent examination of the changes which these species 
undergo as the gastric contents are carried down through the 
duodenum and CKCum to the rectum. 

Nearly forty different organisms were isolated at one time 
or another from this region, representing its usual bacteriology, 
but the frequency with which the different species occur is 
subject to the greatest variation. It is apparent at once that 
the bacteria in question belong to two categories, according as 
to whether they are essentially " intestinal bacteria " in their 
nature, finding their primary habitat In the alimentary canal 
but occasionally maintaining an existence outside it, or 
whether they are identical with the microorganisms belong- 
ing to the external world, the air, the soil or water whence 
they are introduced through the buccal cavity into the stomach 
and become "transitory inhabitants" of the bowel. The 
gastric flora is thus complex in its nature, made up of seven or 
eight different species living side by side, and in every case 
we find representatives of these two categories. 

Thus, on the one hand, the " Lactis aerogenes" group — 
Bacterium aerogenes and Bacterium duodenale- — are found 
in practically every examination and may be considered 
the normal inhabitants of the stomach. Mingled with this 
group in a very considerable number of cases appears either 
Bacillus colt or Bacillus communior, organisms whose 
seat of election is the lower bowel, but which occasionally 
find the proper conditions for a luxuriant development in the 
stomach and duodenum. 

Less frequent than these species, but in sufficient numbers 
to merit careful consideration, we find organisms which do not 
ordinarily enjoy an extra-corporeal development, but which 
appear in the intestines but seldom. Among these minor 
intestinal bacteria, Bacillus alcaligenes of Petruschky and 
Bacillus pseudodysentericus are encountered with some 
frequency, while the various liquefying organisms, Bacillus 
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gastricus and Bacillus enlericus, seem to possess an especial 
predilection for the gastric contents. In rarer instances, 
various acid-producing bacteria like Bacterium oxygenes. 
Bacterium flc?*a'£)/br?«aKJ of Sternberg and Bacillus chylogenes, 
are cultivated, but from their infrequency they can hardly be 
said to play any important part in the economy of the ali- 
mentary canal. 

On the other hand, the "transitory inhabitants" of the 
bowel are constantly introduced in great numbers through the 
mouth and either find a proper soil for growth and multipli- 
cation or are destroyed by the intestinal secretions and the 
more resistant microorganisms. Thus Staphylococcus albus 
and aureus and a large number of spore-bearing bacteria are 
nearly always present in combination with the purely intes- 
tinal bacteria, while Bacilhis cloacm. Bacillus pyocyaneus and 
the members of the Proteus group. Bacillus vulgaris, Bacillus 
plebeius, are isolated from a considerable proportion of cases. 

The stomach is thus seen to not only possess a certain 
number of characteristic inhabitants derived from the intestinal 
tract, but to serve as a great receptacle for the microorgan- 
isms of the external world, introduced with our food and 
drink, the various species meeting diverse fates in their 
passage downwards towards the rectum. 

As the products of gastric digestion are poured into the 
Duodenum profound changes occur in the chemical constitution 
of the intestinal secretions, while the absorption of the chyle 
through the walls of the duodenum causes a considerable loss 
in the amount of material available for bacterial life. The 
result of the.se influences is two-fold. Primarily the actual 
number of bacteria present in the duodenum is much less than 
in the stomach, the culture plates being but sparsely filled 
with colonies. In rare instances, indeed, the duodenum is 
sterile, the post-mortem examinations thus bearing out the 
suggestions already made, that this region is free from bacteria 
at certain periods of digestion and secretion. Secondarily, 
marked alterations are visible in the species ofbacteria which 
are cultivated. While "Bacillus lactis aerogenes" is still 
the predominant form, developing in almost the same pro- 
fusion in the duodenum as above, Bacillus coli is considerably 
increased in frequency and appears in a large number of 
cases. The Petruschky bacillus is similarly increased. The 
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other species of intestinal bacteria, however, which were 
found occasionally in the stomach, are but rarely or never 
present in the duodenum, such organisms as Bacillus 
gastricHS and Bacillus entericus being entirely absent. The 
greatest changes are seen with the "transient inhabitants" 
of the bowel which are either destroyed in the stomach or 
are unable to develop beyond the pyloric orifice. 

The Staphylococcus albus and aureus and the many 
species of spore-bearing bacteria are cultivated in but few 
cases in comparison with their almost constant occurrence in 
the stomach, while Bacillus cloaca is but rarely present 
in the duodenum. The alkali-producing bacteria, however, 
especially the members of the Proteus group, Bacillus z-ul- 
garis 3.ndBacillus pleddus, find here more favorable conditions 
for their survival and develop in considerable numbers. The 
Bacillus pyocyaneus ( Pseudomonas aeruginosa) is likewise more 
abundant. In general, the duodenal flora may be said to 
consist of the members of the "Bacillus lactis aerogenes " 
group in combination with either Bacillus coli or the Proteus 
Group. 

The qualitative changes already outlined in the transition 
from the stomach to the duodenum, are continued in the 
CcFcum where the accumulation of intestinal contents favors a 
most vigorous development of organic life. The ccecum is 
constantly filled with bacteria, the culture plates which are 
made from its interior being always thickly strewn with 
colonies. Aside from this fact, however, the alterations in 
the species found, follow two perfectly distinct lines, The 
" Bacillus lactis aerogenes " is much diminished in frequency 
in comparison with the stomach and duodenum, yielding to 
the constantly increasing development of Bacillus coli. while 
the rarer species of intestinal bacteria which but seldom 
exist in the upper region of the alimentary canal, find 
in the caecum a soil favourable for their multiplication. 
Consequently we find with some frequency Bacillus alcali- 
genes. Bacillus pseudodysenterictis. Bacillus entericus and 
Bacillus gastricHS. while such species as Bacillus alcalescens. 
Bacillus enteritidis of Gartner, Bacillus dubius of Kruse, or 
Bacillus caci- — ^whlch in any event are cultivated from the 
alimentary tract — when they do occur, are practically always 
isolated from this locality. 



Duiribution. 
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At the same time the Staphylococci and the spore- 
bearing bacteria continue their previous diminution in the 
struggle against the more resistant species of the intestine, 
which gradually outgrow and overcome the " transient 
inhabitants " of the bowel, until in the constant passage 
downwards, their appearance in the cscum is an event of 
some rarity. In some cases, however, the species of spore- 
bearing bacilli which have found their entrance into the 
stomach, developing luxuriantly there, multiply vigorously in 
the cEccuni, being carried past the duodenum to this point. 
The Proteus Group, so luxuriant in the second portion of 
the bowel, is relatively less frequent in this region, and finally 
Bacillus pyocyaneus which found only a hardy existence 
in the stomach, steadily increases towards the cscum, from 
which it is abundantly obtained. 

The cEecal flora is thus somewhat complicated in its 
construction, a number of factors contributing to the develop- 
ment of a relatively large number of organisms. 

The changes between the Ccecum and Rectum are only 
continuous with those which have already taken place between 
the small and large intestine. The " Lactis aerogenes" group 
is but rarely encountered in the terminal portion of the bowel, 
precedence being given to Bacillus coli which finds in the 
rectum its most favorable habitat. It is probably present 
indeed in every case. At the same time the Staphylococci 
are practically never found beyond the sigmoid flexure, and 
the spore-bearing bacteria are only present when carried 
down from the caecum. The rectum, however, is the favorite 
seat for Bacillus alcaligenes and Bacillus psetidodysentericus 
while Bacillus pyocyaneus is more frequently present here than 
in any other region, as a result of its steady increase from the 
stomach downward. Finally both the Proteus and the 
Cloacai^ Groups diminish in numbers in the traversal of the 
large intestine. 



Summary. 
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of the different retjions of the alimen- 
tary canal we see that the various species of intestinal 
bacteria undergo constant change in their passage from the 
stomach to the rectum, and that the bacteriological phenomena 
exhibited by the several regions are subject to more or 
less definite laws. On the one hand we find " Lactis 
aerogenes " inhabiting by preference the upper portion of the 
bowel, the stomach and the duodenum, but occasionally 
carried beyond the Ileo-ca;cal valve, where in contact with 
Bacillus coli it gradually but constantly disappears. On 
the other hand. Bacillus coli whose habitat is essentially 
the caecum and rectum, at times finds favorable conditions 
for gro^vth in the duodenum or stomach, and maintains an 
independent existence there. The minor Intestinal species, 
while in exceptional cases showing decided preferences for 
particular localities (as in the case of Bacillus gastricus 
for the stomach and Bacillus alcaligenes for the rectum), 
in reality appear In those regions which furnish the greater 
nutrition, and thus are cultivated in the greatest abundance 
from the cscum. On the other hand, the " transitory 
inhabitants" of the bowel, the Staphylococci and the spore- 
bearing bacilli, are most numerous in the stomach, constantly 
diminishing In frequency along the length of the intestine only 
to disappear completely in the rectum. Coincident with these 
changes the Cloaca; Group grows most luxuriantly in the 
stomach and In the caicum, while the "Proteus" and the 
'■' Pyocyaneus " introduced from the buccal cavity find a 
favorable location beyond the pyloric orifice, the one in the 
duodenum and the other in the rectum, 

Finally, under unknown conditions of digestion and 
secretion certain species of bacteria develop at times to the 
exclusion of all others and those anomalous cases are presented 
where either Individual portions or the entire length of the 
intestinal tract are occupied by a single microorganism. 
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SUMMARY OF CASES. 

Case No. i, M. 70, Mitral Endocarditis. 

Stomach : Bact. aerog'enes and B. infrequens. 

Duodenum : B. alcaligenes and B. alcalescens. 

Caecum : Bact. aerogenes, B. alcalescens and B. subalcalescens. 

Rectum : B. alcaligenes, B. infrequens and B. pseudodysentericus. 

Case No. 2, M. 29, Septic Peritonitis and Pneumonia, 

Stomach : B. plebeius, Bact. duodenale^ B. g'astricus and B. cloacae. 
Duodenum : Bact. aerogenes and B. plebelus. 

Caecum : B. gastriciis, Bact. aerog'enes, B. alcaligenes and B. plebeius. 
Rectum : B. gastricus, B. plebeius, Bact. duodenale and B. pseudodysentericus. 

Case No. 3, M. 50, Railway Injury, 

Stomach : B. plebeius, B. cloacae, Bact. aerogenes and Bact. lutescens. 
Duodenum : B. cereus, B. plebeius, Bact. duodenale and B. alcaligenes. 
Caecum. : B. plebeius and B. mycoides. 
Rectum : B. pseudodysentericus and P. aeruginosa. 

Case No. 4, M. 48, Scoliosis of Spine, 

S. : B. communior, B. coli, Bact. duodenale, B. subliquefaciens, B. pseudo- 
dysentericus, Bact. vermiculare and Sarcina lutea. 

D. : Bact. oxygenes, B. liquefaciens. 

C : B. communior and Bact. oxygenes.. 

R. : B. communior and B. alcaligenes. 

Case No. 5, M. 31, Septic Pneumonia and Empyema, 

S. : Pseudomonas aeruginosa. 

Z>. : B. alcaligenes and P. aeruginosa. 

C, : B. alcaligenes, B. pseudodysentericus and P. aeruginosa. 
R, : P. aeruginosa. 

Case No. 6, F. 41, Aortic and Mitral Endocarditis. 

S. : Bact. aerogenes, Bact. duodenale and Bact. implectans. 

D, : Bact. aerogenes. 

C : B. cloacae and B. vulgaris. 

R. : B. cloacae, B. plebieus, B. subcloacae, B. gastricus, B. entericus and Bact. 
havaniense. 

Case No. 7, F. 44, Mitral endocarditis, 

S. : Bact. aerogenes, B. cloacae, B entericus, B. plebeius and B. vulgatus. 

D, : B. alcalescens, B. plebeius, B. infrequens, B. subalcalescens, B. vulgatus, 
Bact. implectans. 

C. : B. cloacae, B. alcalescens, B. pseudodysentericus, Bact. aerogenes, Bact. 
oxygenes, B. oxyphilus, B. gastricus, B. subalcalescens, B. alcaligenes, 
Bact. implectans. 

R. : B. pseudodysentericus and P. aeruginosa. 
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Case No. 8, F. 32, Lobar Pneumonia, 

S, : B. plebeius, B. gastricus and B. subgastricus. 

D, : Bact. aerogenes, B. infrequens, B. subgastricus and B. chymogenes. 

C : B. cloacae, Badt. duodenale, B. plebeius and B. vulgaris. 

R. : Bact. chymogenes. 

Case No. 9, M. 21, 'Railway Injury. 

S, : Bact. aerogenes, B. plebeius, B. alcaligenes, B. pseudodysentericus^ Bact. 
implectans, B. pylori. 

D,\ B. . pseudodysentericus, Bact. implectans, B. infrequens^ B. plebeius, B. 
alcaligenes, B. coli. 

C. : B. plebeius, B. pseudodysentericus, B. entericus and Bact. implectans. 
R. : Bact. implectans and P. aeruginosa. 

Case No. 10, M. 47, Empyema and Lobar Pneumonia, 

S, : Bact. aerogenes and P. aeruginosa. 

D. : Bact. aerogenes and P. aeruginosa. 

C, : B. cereus and P. aeruginosa. 
R. : P. aeruginosa. 

Case No. ii, M. 38, Railway accident, 

S, : B. coli. 

D. : Bact. aerogenes, infrequens and B. pseudodysentericus. 

C, : B. pseudodysentericus, Bact. aeiogenes, B. gastricus, B. caeci, and B. 
iliacus. 

R, : Bact. duodenale, B. coli, B. brevis, B. caeci, B. subliquefaciens, B. 
communion 



Case No. 12, M. 76, Cirrhosis of the Liver, 

S. : B. pseudodysentericus, B. coli and B. alcaligenes. 
D, : B. coli. 

C. : B. pseudodysentericus, P. aeruginosa and P. ovale. 
R. : B communior, Bact. duodenale, B. alcaligenes. 

Case No. 13, F. 19, Appendicitis, General Peritonitis, 

S, I B. subcloacae, B. plebeius, B. infrequens, Bact. anthracoides. 

D. : Bact. aerogenes and Bact. duodenale. 
C, : Bact. aerogenes. 

R, : B. infrequens, Bact. aerogenes and B. Iftporis. 

Case No. 14, M. 60, Gangrene 0/ Lun^, 

S, : B. communior, Staph, aureus, Bact. anthracoides. 

Z>. : B. communior and Bact. anthracoides. 

C. : B. communior, B. plebeius, B. coli and Bact. anthracoides. 

R. : B. coli. 
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Case No. 15, M. 60, Aortic and Mitral Endocarditis, 

S. : B. oxyphilus and B. subtills. 

D, : B. communior, Bact. aerogenes and B. subtilis. 

C, : Bact. duodenale, B. coli, B. communior. 

J^. : B. coll. 



Case No. 16, Fractured pelvis, 

S. : B. communior and Bact. aerogenes. 

D. : B. communior and B. plebeius. 

C, : Bact. aerogenes, Bact. duodenale and B. communior. 

J?, : B. coli and B. communior. 



Case No. 17, Superficial burns, 

S, : B. plebeius and B. infrequens. 
D, : B. infrequens and B. subcloacae. 
C, : Bact. duodenale and B. subcloacae. 
i?. : B. coli, B. plebeius and B. subcloacae. 



Case No. 18, F. 34, Abscess of Brain, 

S. : B. coli and Bact. duodenale. 

D, : B. coli. 

C. : B. communior and B. acidoformans. 

R, : B. coli and B. communior. 



Case No. 19, M. 38, Fibroid Tuberculosis of Lungs, 

S, : B. chylogenes. 
D, : B. coli. 
C, : B. coli. 
R, : B. coli. 



Case No. 20, F. 46, Mitral endocarditis, 

S, : B. communior and Staph, albus. 

D, : B. plebeius, B. cloacae and B. subcloacae. 

C, : B. coli and B. enteritidis. 

R, : B. coli. 



Case No. 21, F. 47, Lobar Pneumonia, 

S, : Staph, aureus and B. communior. 
D. : B. Communior. 
t C : B. coli. 
R, : B. coli. 
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Case No. 22, Tuberculosis of Lungs, 

S, : 6. cloacae and B. communior. 
D, : Bact. aerog'enes and B. coli. 
C : B. infrequens and B. subcloacae. 
i?. : B. plebeius and B. infrequens. 

Case No. 23, F. 60, Mitral Endocarditis, 

S. : Bact. aerogenes and Bact. duodenale. 

Z). : B. plebeius. 

C. : B. coli. 

^. : Bact. aerog'enes. 

Case No. 24, F. 21, General Peritonitis. 

S, : Bact. aerogenes and B. coli. 
Z). : Bact. aerogenes. 

C. : B. coli. 

P. : B. communior. 

Case No. 25, F. 54, Carcinoma of Stomach, 

S. : Bact. aerogenes. 

D. : Bact. duodenale. 
G, : Bact. duodenale. 
R. : Bact. duodenale. 

Case No. 26, F. 85, Mitral Endocarditis. 

S. : Bact. aerogenes, Staph, aureus, Staph, albus, Bact. galactophilum. 
D. : B. iliacus, Staph, albus and B . plebeius. 

C. : Staph, albus, B. communior, B. dubius and B. alcalescens. 

R, : B. communior, B. pseudodysentericus, B. subalcalescens, B. gastricus and 
B. alcaligenes. 

Case No. 27, M. 67, Mitral and Aortic Endocarditis, 

S. : Staph, albus, Bact. implectans and Bact. duodenale. 

D. : B. alcaligenes and Mucor. 

C, : B. coli, Bact. duodenale and B. oxyphilus. 
R, : Bact. duodenale and B. coli. 

Case No. 28, F. 20, Septic Peritonitis. 

S, : Bact. duodenale, Bact. anthracoides, B. vulgaris, B. coli. 

D. : Bact. duodenale, B. coli and B. alcaligenes. 

C, : Bact. aerogenes, Bact. duodenale, vulgaris and B. plebeius. 
R, : B. vulgaris, Bact. aerogenes, B. entericus and B. plebeius. 

Case No. 29, Atrophic Cirrhosis of the Liver, 

S, : Bact. duodenale, Bact. implectans, B. communior, B. entericus, B. 
subentericus and Bact. aerogenes. 

D. : B. communior and Bact. implectans. 

C, : B. entericus, B. communior, B. coli, Bact. implectans and Bact. aerogenes* 
R. : B. entericus, Bact. implectans and Bact. aerogenes. 
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Case No. 30, M. 54, Haemorrhagic Pancreatitis, 
5. : Bact. aerog-enes and B. communior. 

Z>. : B. vul g-atus, B. plebeius, B. subliquefaciens, B. coli and B. subgastricus. 
C : B. subgastricus, Staph, albus, Bact. anthracoides, B. recti. 
R, : Bact. anthracoides, Staph, albus, B. coli, B. recti and B. alcaligenes. 

Case No. 31, F. 59, Carcinoma of Rectum, 

S, : Bact. duodenale and Bacillus entericus. 

Z). : B plebeius, Bact. duodenale. 

C : B. entericus, B. alcaligenes, B. plebeius, B. communior and B. cloacae. 

R, : B. coli and B. plebeius. 

Case No. 32, F. 33, Peripheral Neuritis, 

(Cultures ly^ hours post-mortem.) 

5". : Bact. aerogenes and Bact. lacticola. 
D. : Sterile. 

C, : Bact. lacticola, Bact. duodenale and Bact. aerogenes. 
R, : Bact. minutissimum, P. aeruginosa and Bact. lacticola. 

Case 33, Pernicious Anaemia. 

S, : B. acidoformans. 

D, : B. acidoformans. 

C : B. acidoformans, Bact. duodenale and Staph, albus. 
JR. : Bact. duodenale and B. alcaligenes. 

Case No. 34, M. 81, Duodenal Ulcer. 

S, : Bact. Duodenale and Bact. anthracoides. 
D, : Bact. duodenale and Bact. ch}^mogenes. 

C, : Bact. duodenale. 

R, : B. plebeius and B. infrequens. 

Case No. 35, F. 36, Gangrenous cholecystitis, 

S, : Staph, aureus and Bact. anthracoides. 

D, : Staph, aureus. 

C, : B. oxyphilus and Bact. duodenale. 
R, : B. coli and Bact. duodenale. 

Case No. 36, F. 30, Osteosarcoma of Lumbar Vertebrae. 

S, : Staph, aureus. 

D. : Staph, aureus. 

5". : B. plebeius and B. coli. 
R, : B. coli and B. communior. 

Case No. 37, M. 14, Appendicitis. 

S, : B. coli. 

D. : B. coli and Bact. aerogenes. 

C : B. coli. 

R, : B. coli and B. communior. 
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Case No. 38, F. 14, Meningitis (serous). 

5*. : B. coli. 
D. : B. coli. 
C : B. coli. 
R : B. alcalig-enes and Bact. aerogenes. 

Case No. 38, F. 19 mo., Laryngeal Diphtheria, 

S, : B. mycoides. 
D. z Bact. aerog-enes. 
C, : Bact. aerogenes. 
^. : B. communion 

Case No. 40. 

S, : B. communior and Staph, aureus. 
Z). : Staph, aureus. 
C. : B. communior. 
R, : B. communior. 

Case No. 41, Foundling, 

S. : Staph, aureus, Bact. duodenale, B. arachnoides, B. entericus and B. 
Bookeri. 

D. : Bact. duodenale. 

C. I Bact. duodenale, Bact. aerogenes and B. infrequens. 
R, : B. communior and B. subalcalescens. 

Case No. 42, Foundling, 

S. : Staph, aureus and Bact. duodenale. 

D. : P. aeruginosa, Bact. duodenale and B. communior. 

C, : Bact. duodenale, B. coli and Bact. aerogenes. 

R. : P. aeruginosa, B. coli, Bact. duodenale and B. communior. 

Case No. 43, Foundling, 

S. : B. communior and Bact. aerogenes. 

D. : Bact. aerogenes and B. communior. 

C. : Bact. aerogenes. 

R. : B. coli and Bact. aerogenes. 

Case No. 44, Foundling. 

S, : Staph, aureus. 

D, : Bact. aerogenes. 
C : B. communior. 

R, : B. communior and B. plebeius. 

Case No. 45, Foundling. 

S. : B. gastricus, Bact. antL;acoides, B. cloacae, B. liquefaciens and Staph, 
albus. 

D. : Bact. aerogenes. 

C. : Bact. aerogenes. 

R. : Bact. anthracoides, Bact. duodenale, B. entericus. 
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Case No. 46, Foundling. 

S. . Staph, aureus, and Bact. aerogenes. 

Z). : B. plebeius and Staph, aureus. 

C.: B. communior and Staph, albus. 

R, : Bact. anthracoides and Bact. aerog-enes. 

Case No. 47, Foundling. 

S, : B. duodenale, and P. aeruginosa. 
D. : P. aeruginosa. 

C. : P. aeruginosa. 
A*. : P. aeruginosa. 

Case No. 48, Foundling. 

S. : Bact. aerogenes. 

D. : Bact. aerogenes. 

C. : B. enteriiidis, Bact. duodenale and B. subliquefaciens. 
R. : Bact. implectans. 

Case No. 49, Fou7idling. 

S. : B. plebeius, B. vulgaris, Bact. aerogenes and Bact. anthracoides. 

D. : B. plebeius, Bact. aerogenes and B. coli. 

C, : B. plebeius, B. vulgaris, Bact. aerogenes, Bact. anthracoides and B. 

infrequens. 

A*. : Bact. duodenale. 

Case 50, Foundling. 

S. : B. coli. 

D. : B. coli. 

C. : B. coli, Bact. aerogenes and Bact. Bienslockii. 
R. : B. communior. 
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